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iarGMz-Al IVcNamara:

- 7 -s ., port- 'Pail 31ize and PMstrilation,* describes the wrld-4dde
r! -st- Au$,n of hail, particularlv of "true hail" that can danage

-.,ita - a.-tilent and shelters. It discusses da caused by lhp
h'-i.lsl . and cites in-tar.;A in which heavy showers of saller haj-
.tc.-!- havE blocked roads and Aisrupted csminications.

- Size o, hajistones determines their £'.paet' velocity, which W
ewr-ee3 100.- ales per hour. Stud es of occurrence of hail show that
land areas be-Vween ,0 and 500 North latitude are nmt subject to fre-
cuint stcrnts. Outide these ueas ators are less freqAent AM det'iv.

t destructive.

1.46 Infom'.tior in thi3 report wil enable planners to decide where
nail comstitut.:. a probl-e. to military operations, and will assist d*- 16

%"../. sign enneeri to etablie. nvroaental criteria for the design and o
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To Insure that AMqy =ateriel ard eyipmect are capable of sat!'S- -

* factory performance, It Is necessary to evaluate the effects of weather
on such materiel. Criteria aie bee eablisbel fo.- guidance In the

* desism of equipuee. that& will enzoanter extze~ te~peratures. rainrufall, -

*wird. huiiy and such weather #nm-a less frqw pbanomena, -

such as h'all and glaze, are rare difficult to ev'ane because of !n-
f requent occurrence and inaden-uate- observation data.,

Tables of days of hail a. 656 lat*hr stations thronbout the
world show the areas of greatest frequency. Mhe cccarrence of varimm '

sizes of hailstones and reviewt cf experinents ttat sbow the approjdxate '

*~ ~~S sze that will daae millitary eqrA pent are given, with theoretical sax- k~- ~ ~
intm sIzes and speeds cf* fall. Thotograpts are included of large hail-

* ~stones that damaged vefticles, and accuralated zasses of smaller stoe -.

that blocked roads.

AUSNY~~ HM*M MD

* ~ChiefL *.
Szwirmmetal Protection Research

Division ,

Apprvel:-

JAM~ C. MAEOR, colone.l ;)~c -

Coxmarding Officer
RZ -it!& E Center laboratories

A. SnWR!T !1J(TF, PUD. % 6, 'p.-

Scientific D-Irector. 4.
1 hesearch Engneering~ Cc=-and ,
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Basic information is provided on frequenqcy of occurwrence and
geographi cal distribution of hail t~iroughont the world. Principal \ '

theories of hail g-rowth and the factr which limit the a-x= sizo
of hailstones ",. discussed. ?hteoretica2.ly t!he maxiism size of a single ,'~.'

hailstone :iv 5.2 inches in di ~er and maxizim aweigK Is 1.5-2 pomcrds.
This size apiroaches very closely that of the largest bailstone Offl-
cially recorded by the U.S. Wieather 3areau: 5-4 ince to diameter &An
1.5 :moinds in weight. -.. -

Five tables summarize freqvencies of bail at 656 stations through- e
otthe w~orld, and show that are". be-tween WD and 5 0P 1. la:d.ae

m' ost affected. Sighl. maps coverirg most of the nw&-jpolar coatntzetal
areas show station locat;ions.

Maximum occurrence of-true hail in the Mited States is in tim
plains of the Mississippi Valley, and the plateaus east of the Rocg
Yountains. In this '"tail belt,* 25 weather stations recorded 125 or *-**...

more &-.ys of bail durin; a 40-year period. .ecords of thesm staticns
* from 1q40 t-) 1949 shov- Wide variation from 7,ear to year at iiivid=a -

station.s, and between stations witlan a single year. Fhotogra~s and
descriptions give examples of hail danaWe and acc'.ixltiOos of hailstones.

nail is infrequent .in ranada and Mexico, except In 1iunain statiew -0 Q
in Mexico. Certral Europe experiences moderate ssmer hail. wb le 3reat-
Britain and the Scandiraviam countries receive =ot of tteir ha-11 in the .. ~
winter. In the Yediterranean area arp4 Soviet Union, there is little hail

Africa, South Arerica and Australasia receive little hail ex=ept at
high altitades and more southerly latitudes,* although there tave been
freak storms in those corntlner.ts3 and other par.s a the w-orld with-heavy 2K~
resultant damage. Indiai and northern Japan rs'-ceive wDre hail than W
other countries in Asia.

2Information is preserted on studies by tie i~eatber =ezarA United~
Air Lines giving the ratlo of thunderstor--s t* h.ailstones as aroand 10 to
1, or less, for about two-thirds of the Urited States, These and similar .-

Ptudies also show that a reportitg network of I weather stationflor every .**-,

4 square miles would be required to produce represeirtative f±z res of -. '- \
ara hail frequency; an even closer networce ~ enee csuy*..

finer details of individual hailstorns Such a networkc of weaI!ter \

stations is irpract!icable because of the tiig cnst. ... .

4~ ~ __ _
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- Lflf sThe nvirmm~enetaa Protection Research XLvision of the quartermaster r- 'V

- ~esearch ind -gineerincx Cocmand is- Interested in the effects of environ-
=e-tl or, -en and m.ateriel. The anvironental Analyais Brancn evaluates the

envr~rn~eto1factors rea--ting to-: military needs and design. In this con-____________
t-x't, tail Is considIered a =Wltsryv proble=.

lia1 i a inde- elyobserved an. reported weahe pnenomrenon.

:here is no pat of the wcrld, except salareas were microclimat!.c stud-~
ies have been male, where sw~face data on hail storm~s are suffIcient, to give
ar. accurate -le-ure of their freque:.cy ar! distribution.. Even Where hail is
rerorted, tne t~-je and s ze of ha4.Lstone that falls is not classified. The L1
lack clf un~versal reoulrement that obserers report classification of hailS A
(e.-7.. S-raur'e. snail ha%. and true 1"a!2) tharts any attempt to draw even

annul avra~ dis baton ines on a-y warld-wilde scale. Wahrosra.
Z!on frm rcear. weath-er stations with their coverage of c-nly fragmentary
r-crtizns of ocepn area,, tell little om bi. ards at sea, a2.tnough it i13
-m~ow- that hailom are liss frequent over t e oceans. Izpa-tant effects

o e -e~aha-' d- fferences upon hall- size ard distribution that are in need
of vet~~ncannot e teredby arAiyzi-rg the available frequency
data.

.TC-ever, useful i a oncan be erived by the assenb-.Ly and campila- ~ ~ .-
to*:.-f all the b 'servati~rs cn surface hati1 that are available around the ~..-~.12

ez3.:se thle requirerzent exists that military ejiirert w~1have to T

oner-ite in env rcnnerts ~~r alis co=.zn, the Frorlem of -ail is one to 'A,

be cansidered in. es- blsning criteria fzr military desi.-.

7T!e inforai-tion aable, rertinert to an inv4stigation of the effects ~~/
of z n m:2.tara- e,;u-.*ent cn the ground, :onsists m-Ainly of tables of- .,r%

day.s nf h-A41 f£r 656 wet -- 5t=-ts trcughout 'he world (Ap;pendix A).
:'~rare also tabies of jays- :f hail and htmderstoms for ZS stations in

the '"ilte! "tates that h-~. tl-- -eatest hall frequen~cy during a 40-year per- ~-
~.Acccun.ts of l-o.rs an.' tlustratiors of dertro-.tive hailstorms that have - .
-eistationary an-1 n.:zile e;ipmrt are ircl..ded inthis report.

Uthuohthestuy o ~:: --s a micr-c lizaatic rprotlem that cannot be ''' N
a~a~e~v olve! hitno.'t c~oser rnetwor-:s Tf radar detection ar.i surface re-

p'rr ;n;, stationt, tnis r.rft should be an aid -in answering general inquireb
3nd ir, jelineat=- area- -,f createst hai reenyadhrintewrd., .*

p4
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:-:ail is usually class:f.ed in three types: 'Oraupel" or soft hail,
small hail, an~d true hall- Soft tail and1 szal*l bail often occur witbm~d
thun~der, ani generally in winter zonths or -,r high latitudes. Soft hall
Is usually accompanied b.- snow and is crumbly; it ranges in size from
coarse shot to snail peas. Very little, if a.-y, damage results froM Soft

%hail. Small hail is hardier than soft hail, but because of its size, rar4g- [
inm from only about .OS to .2 inch in diar.neer, causes no aprpreclable

V point -if lestraction is that largger than Z1 =ch In diaater -- true

rie ha ilI, the t ype -k . wihich this report is mainly concerned, falls
alotexclusively in violent 4-1-do'rstorms, hat never when surfaze air

temperature is below freez=an,. 3

The type of hail to fall generally 3eopends upon the altituie of the
00 C isotherm. If the isotherm is close to ti~e ground, either small hail
or graupel is formced. If it is higher, above approximately 4 czM. (2.5 i
wi.th surface temceratures in the 801s (T) (26.70 to 31 70Can4 cwmlaniabn
clouds present, true hail is likely. Wfan the Isotherm Is still highr- as
in. tropical regions, and after idsucaer in the temperate zones, hail seldom
reaches the ground. Mhs mer meteorologists clala, ezplairr t" relauve
scarcity Of hail in ihe trpclregions and -_' low4 latitudes. 2 6 Mwe ez-
cessive heat In the lower layers of 4h 1. ochr met.h aisom e
fore they reach the surface. 71rue hail 13 developed only when the cu&Inals
cloud penetrates the O* C _s:;thern and extenids upward to about the -2aP C
level, thus Insuring the fzr-_atizn of super-coole! droplets, ik.e crystals,
arnd snowflakes. iydrometeors :n o.-e or more :1 these foms. are necessaz7
for formstion of all types of hail.

3. Cccurrence

Hiial occurs urnier two general cr.:ns.either during istabillty
shcwers in a single air mass or during frontal. activ!44 between turo or =ore
air masses. Frcnt.%l activtty :r. the srirA causes the annual z3X4-n oc-
currence which dimi1nishes gradually7 as convet&%'947pe sumner storms take
over.

F ron~tal activity of the cold-front type is zost Froductive of hIn'1; the '.

mo~t popilar breeding prounis ar- tthe squall-line a-.*a of the active aodd*
front. As the squall-lane weather is ca~sed '-*. convergenc* ranther than pune
lifting by the front, it. results in tte possibility cf the rapid vertical .-. ' .

divergen~ce necessary1 for the deve~apment Of c,=ulonimbus clouds and hail.

7V Irnst~bility Ehowers venerally occur as t**D different types: afternoma
'iorvec'.ive or "heat" sh:-w-ers, ard those resaltimN from orographic lift.

2
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sufc du oslrrd...,wihcus2a.usal*cniinwt

warm air wnder cold air. The, orographic type of instability shower oc- 0 ~
curs wheii air moves up a slore to a oln tvlo odensation.46  

___________

A hailstorm Is Usually Of the same duration as a beat shower, last-
Ing un to approxisatell 30u rdut with about 15i minutes as an average.
The area coverel by an irtense hailstorm varies considerably, but the more
severe storms often extend over I to 2 square miles. Damaging hailstorms
may occur anj time during the 24 hours, but most occur between 1500 and
2100 hours.2

* ~ ~ ,A A~5pr'c.

A. Format ion

Hail may be considered in two classes according to hardness of ceni-
ters: soft (graupel) and solid lee. It is generally accepted that a v.
solid ice center results frnz the developmient of a water droplet, which is
carried aloft by vertical currents into a region where temperatures iweli
:el~w freezing change it from a sunercooled drop to a frozen pellet which
becomes the nucleus of a hailstone. Soft-centered hail rrobably starts as
a snow or Ice crystal Which Collides with super-cooled droplets to form a .:- .- 2.>

graupel or soft-hail nucleus-

There are three principle theories on the ac dual growth of hailstones- ~
* ~~the multiile-lift method, proposed by Hu hry,- Brart.7 and 3;riuiingerj8

the lon -- fall metficd,.favore! by yers)'Sh.~ ~ , 5 a~ ibmadRl;
and a com~bnation of the two.22

The n~jlttrle- lift theory pres.;-oses hlgt vertical elocities vhid V.. '

raise 13,r-e :tr,-s high- abiove tte (P, isotht-=, to f:rr.smll h-ailstones. The ~
stones fall ouL of this L~re r region, hit another updraft, and are xarriad
back to the uv-er freez in levels. The layer structure of the concentric
snpheres 'A~S I ad 11 15ex-lained by several repetitlans of the process.
7"As theory asstmes there are air velocities capable of stepping the fall of A3
hailstones is l.arge as ? or 4, inches (7.62 or 10.16 cm)- in diameter and lift- 'A ?. \V

* in~ leel tedown tun hrough the h rhsuper-cooled ofrtealt, building arauirp a mtranslcent tei-at3shell. "&**

A stronoer current in the form of a gust blows the stone up again into ths. L~.
area of Ice cr-ytals ani snowflakes, where it is coated with an opaque layer.
Thus the n-.ber of layers found en a hailstone is a record of !ts history, as

* the concentric rings in the cross-section if a tree trunk are a record of Its
* - growth.

The lon7-l thoj pres..pposes the growth of the hailstone in one
* .~ - cotinu~)u5 all, d,4ringj which it captures saver-co'oied water droplets that * *.,-

lie in it;ath thmu!h the sibfreezing areas. Tne vertical speeds of air
* need not be as great as those re4t.ired by the xultirle-1ift theory to build I

larre stones. Speed is stfl: a main factor, h-cwever. The Etone always
continues downwird: iti fall. may be slowad alm~ost to a stop at times but * -

X *
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Figure 1. Hailstones with oncen- Figure 2. Hailstone shoving concentric
tric rings, Richmond , nland, ring formation, Iowa City, Iowa, 18 Jwwun
8 July 1891 (fro Hann and 1940 (photo by C.A. L&aIrd WW L"-

a great lift back to upper levels is not necessary. The most Impotant circul-
stance seems to be the concentratio:. of the :uper-cooled droplets between the
initial point and the 00 C isotherm. One explanation is that the typesof layers
are Jetermined by the urfgce conditionot the stone as It comes In doistact with
the wper-cooled droplets.lb

Hlumphreys' texperiments in wind tunnels, pilots' flights Into thunderstorms
during the U.S. Weather .lureau thunderstorm project in Ohio, 1" and the applica- r
tion of mathematical laws in the thermodynamic (multiple-lift) process of hoil-
stone & rowth, yielded Information on the complexities Inyclved In producng
hailstores of myriad sha>es and structures (Fig. 3). Of considerable Iiportane,-
is the maximum size of hailstone that can be formd and its terminal wlocity.

Table I, om Bilham and Relf, 4 gives data on the aerodynartics of larle

hailstones. They set the theoretical maximum hailstone at about 1.1 pot.s,
with a dta;,reter of approximately 5.2 inches.

* 4
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B~lhaw. and !Relf- drew these conclusions from their calculations: 3

(1) There is a sudden and very large increase in t6e terminal
velocity when the hailstone attains a diaaeter of about .4.5 inches.

(2) Haistones will W-ow as long as they are in a region where Y N
ice can be deposited; under otherwise equal conditions, the time spent in ,

the reqion will determine the size.

(3) 7he time spent in the re.iion will be governed by the m.l- :V <
* cecity of the hailstone in relation to the jp~ard zurrent.

Schtusaan 3 5 considers the theory of thermodynamic hailstone growth. e
claims that in the growth of the hailstone by the capture of super-cooled
water drops which lie in its path, the zriaucipal factors are avera~e den-

syheight at which the nucleus is formed, average upward velocity of the
air, and concentration of condensed water in the region of the atmosphere .

where the temperature is below 00 C. He also asserts that the heat of fu-
sion of the water which solidifies on the surface of the hailstone is J
effectively dissipated, partly by ccnluction to the surrounding atmosphere,

but mainly b evaporation from the surface of the hailstone. However, a
the stone reaches the 00 C iaothern, it can no longer rid itself of its
surclus heat of fusion, and thus its growth and ultimate size are retarded.
Schumann concludes that, with a vertical wiqd velocity of only 18 zph and a.
concentratiu,. of condensed water of 13 gmm- (.35 oz/yd3' a hailstone can -

be formed i.ith a specific gravity of .6 and divueeter of 3 Inches.

Gerson 17states that while the nucle-;s remains in the below-freezing f.N..
zone, it ,ccires a more or less concentric shell of rixe ice by: 1) fu- -'

sion of colliding super-coiled water drops, 2) congelation of Impinging ice KA '
particle9, and 3) sublimation of water vapor. This theory closely parallels
that of Humphreys.

L. Harrison 2 2 4discusses the effects of differential liberation of latenta
h.eat of fusion and suoltnmation in the attending vert4a-I fall of ice narti-
cles through a cloud of super-coolei water droplets. After discussing the
..- velownent of a cuuliforr- cloud into a c-=;lonimbus and the formation of -
water droplets, Harrison explains the growth of hailstones vith emphasis on ''

P r1dy)a.i factors. He states that two concurrent related mechanisms ex-
ert. 3 p.rofoutnd influence on ther-rodynaiic co)nditio:ns in the transformation
to a cumulonimbus cloud: 1) libiratico -,f latent heat of fusion and 2) lib-
eration of late!'t h-eat of sublimkktion. Harrison ccmb:ros factors of both
t-.e !7 11 l-11"t and long-fall theories. He believes the region between
the .4 c^ and the 00 ^, 4i-t -'al :ay eri ouji Lossirb2y extending dowr'ward to
the 40C laye is the reizion of raxixum growth -if hailstones. Harrlson also .~.--

exrla4 ns in detail the act~cn of liquid anJ frrozen hydrowmeteors on the Ver-
tical currents of a cuirilonimbus cloud.

11o'
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1W161.4 -11 ?'jert.s 6 di-scom! tbhe necessity of strong ascending cur- -

rents in clouls f.r hail formation. They calculate the ti-ne and speed of -

fall of ruansn hailstones in a standard atmosphere at rest. The time of -

fall throis the A irqk , (.2.5--44 is caleulated to be about 5 minutes. ~' -

They explain the alternate layers of opaque and clear ice as the result f . . . ..
the s-irface con=itlon of the stone, i.e., a wet surface gives a transparent -.. _
lay-r and a dry surface gives an .aqie layer. T'hey give a tentative des-.

* ~cription of the gro~rb of large hail;Lores, explainini& hc~i ascending motion, '.:'

turbulence, electrical rhe-wena, h'Zner absolute humid-t;;, and greater
cloud heights, permit gr-)wth of lar -er ha -- te. .1he cli hr4sn
evi e nce of ve=tical currets com-arable in speed with that. of fall ng _,,___... ....

Byers an! ?r n.az, in rny observations of thunderstorm iver Florida, %

foud no vertical speeds greater t.r. 123 ft;sec. Hoe.ver, it mast be noted .- -- .... ,
t;pt Yery few .i 'istones reach the zrmoi in Florida.

!"ers)r.7l states that the degree of wetness of hail is determined by " ' , F
factors whch control the "--it tra:s.fer in the imedia:e vicinity of the .-
.iaistorm l.ir.n7 its l-fe, He lists these factors: :) initial tempera-
ture, mass, an! p!,ys-ical rroperties !:" the stone, 2) in:egrated changes in
the t-sperature. raes, and r.ys-cal rr .r.etties of the str.e over the time :%
cmnsiered," 3) "e'ati.e velocities o- the stone and surrouning air, 4) con-
ditlons -f the s .r.--jn!in,- a-ir, -n.Lidir; temperature, wIsid ter and
water vapor c,.rtet, ar! 51 Fress-re, number, size, =ass, texnerar..Ie, and
impurity c-Cenetra-.ion af the drors of water. -

,ne of ".e : r. subject- ;n the st-ady of the forraticn of hail . ... . ..

is the c mderatir~ -:f the ir.-e.a ips sse rnbrr-... .aa s "apes, dic;s- He, 1.4v ,'

points out th -.- '-.n bLis r a z.crapn af an. o: -shaped hailstone, • "
states th--. such ston.s art.eared -t, be segnen.s of a srhere, formed by ex- < '.
plosions of bals cf ic-. Arenber.- :alc-ulted th- rate of heat. loss from a

sphere, as:an a stemi- imate :cn tion, an! arrived at the ndcleus size
whch coill e frzer du.-inz a sZe:i.iei -eriod of time. ZC-r3inatin hs %
t*1o--," witin Sch:7;rs work, Arenttr-. asE=es tne rn.c.eas o be a large rain 1% -4r,
drop w-ic; has *eg.n 'o freeze. he also assz=es oror .'.±s between solids
and2u-s t3 -c"t u..e s.erical fom Since sclid crystals
pr-.,'et ccr;e-t -I., '.te outer 2ayer -i- J freeze first. .olle Cton of su- ,.. - , .
per-cooled drc-e:Fle ty the outer, surface .oull maintairn , tnt stone's te.rer-
a'*re 3* c : t1r°'o1tC tk ever. fP.ther grcoth would take place due t o .,-* *.. . .

cor.*..t:-n, t- freeze t!.e .iT.=id "r.sie. Also, due to irncreased 'ressu""re,.
t e fTreeeazi-- -rr. w.: e - tl loz-er at the center t'an at the sur-
face. If a ist~r4 t-.t hai reachea 1- to 2 inches :-: d'_--ater is sudden- " "..
-t-=f7rr, 4.. .1 pt rint wnsr, tne center beg?.ns to freeze, the ": - ,:i..- -.-.,.ar-h e of qbte r2.. ievel p tre-enious internal pressure. 7hus the stone .:jj .. --

ld e-loie, ......ra.ds %. ;. -__es (.see Fig. 3).
Ar-enberr sznre.rs .:is concl'uszons .7 usin4 arn:= Aion cn the tensile -0K
strength, -o-lu s f elasticL-y, and c=pressib.laty of :'ce at low tempera- .'- .... .. ,

....,4 .
, , . , - . ,,,. ,,, - ,. -. 4- / . ..- "
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Johnson21 ' states that examination of some broken pieces of bail shome
J~ainly that they are fraoments of a larger spherical stone of about 30 a ~

(1.14~ 4n) In diam~eter, in which the opaque and translucent layers alter- 7k
nate-t ever,. 2 nr G.OA in). He con~cludes tbat the shattering took place
at a high altitude and wias cau.3ed by a pressuri wave set up by a bolt of ;r
lightring that passed near the hailstone as it fel. /-

5. Frguengani istribut ion

Accuracy In plottIng dikstribution and frequency of hail throughout the
world is limited by the scarcity~ of reports and the failure to Identify the
types of hail. However, data f rom 656 weather stations throughout the world
have been tabulated in Appendix A.

Table III (Appendix A) shows total days with hail at 220 cities in the
'Jnitei States, with pertods of observations ranging from 7 to .40 years (see

M~ar 1. in Appendix 3 for weather station locations).%%

Average number cf days wi-th hail at 16 stations throughout the remain- ,.7:

ra., from 2 to ?6 years: at some stations the number of years of observation
is unkniown (see Maps 4 to 8 in Appendix B for station locations).

The 25 United States stations that have received more than 25 days of
bail during a 40-year period were selected for a tabulation showing days Of
u all by years from 1940 through 1949 (Table VIII) and days if thunderstorms
in the same years (7able IX).

Tabulations of hail from hourly observations at 20 airport stations
hive been zale, but the number of occurren~ces reported were no greater, and
In some locations fewer, than those received from 4-tizes-daily observations
at U.S. Weather %ireau first-order stations. 7hese tables, therefore, are
n.ot Included in this report since they. record hail only at the actual moment
of observation, while reports from the regular Weather 3.ureau stations In-
clude accounts of hail at any time during the 24 hours.

The records of days of hail for North America were assembled at the
-.S. We.1athe1*r Bureau from pilblish'ed iur.ries and where such s, r~rieser
..unavailable, frorm original records." Various periods of records
have been used because they represent the only data that coulId be found.
'ost records for foreign countries stopped during~ Wo-1d War II when the dis- ,-. u
tribution or climatic reports was discontinued. The sources of data In the
tables for areas outside the Unitel States are Renerally the! same a-- those .K$

1__tdin the 'Weither Bureau's Index of Clim-atic and Weather Data. 4 7

Btcau-_z of the Inadecpuacies of hail reporting due to Wide spacing of
stations and ",he small area covered by a ha.ilstorm, the tables are presented
as an indication nf the typ-.e of data available and a guide to the location ,:

of the staticns where recorls hav.e been 1kent.">



Jaystudies cttining letaied1 analyses and! res-carcb have benI.
Tcr In41vidual countries. Tbese stuzdies, listedjp! abstracted In Yeteor- '
ological Abstracts and 3ibltoowapv.4- A~1,,4 gj Wot list* lin tbe

re ernct- hail .Mstriion £ration o te sbias forve arya ondvi-
ual countries in Pee-IIng their purticular nrobless of reporIng and ana '-J>:
lejernct hall 1srbinExamiatinon th es technieso efpore area outv-
side the United States, however, shows~ thAt the pobW.e~s faced in thist
country ens'. all over the world, anJ that no pactical sethod of hail re- --

porting has yet been employed angwhere except In isolatel microrl-Inatic
stuiles cmiducted in ne'!ected aras Thie expense involved in installimg a-
network of reporting stations that would p-ovide 4etailed observations woul1d .-..

be too oreat for practical return. . ~ '

The di-stribution and freatzecy of hall as shwrin in the tables, there-
fore, seust be tI~-m~c~eted withoit defit~tlos of type or size of hail that
fal%. 'Reco-rd3 are an publisbed for Lang stations thit experience taA.L .Y
It becomes necessary tberefore t-3 substantiate the Infonration given In

',niblished records. In mny areas tr~rsboiat the world whbere no tab- 7atel
Observ-41ons of hail are available; .ritten acenunts describe !-all occ=.- ~
rences. This is Dartic,.:larly true of desert areas !nA'frica. and equator!- .4

al slads n te ltic and Pacific Cceans aqhe-e !-Ail Is extreffiey >
rare. 33 ' 36. 51

5Sirmries and Inieroretalt!.oas vf the tables, by eon'*zy or area, am 11.e
given below-

Thdted States (Table 11 a.- 14V4).i
7il-;.uency and distributicon are rowered in detall by Flora (96

who descrilbes frequency In xr-re detail t Am is re-inredi. In %this report, a.
analyzes hail conditimr ani daage to c-.os and property, state by stt.A --

T11e tabl1es of hIml- In this report rrovIde a general coverage for the4 '

Ulnited S' ttes sh~,ving fhall freqennq %7 zonthbo for 220 stations. Tbe ggeat- ~ ~
e st fretjuenzy for anst of the coftry except the sothern states and West yk s,

Coast is in the spri-29; In some of tte ?lains stat'es, I.-ra, Minnesota, an!
ebraski, -in!:bll;1dt75  ;:at:: ofi7c:inc maxb=~ fre :uency is innid4-

s~zer. T.,e vacz!fc costal statlons experience hail to--. often c r- the
rainy sepst'n, !,ebrtlrough March. .-'ath JHe^J, vathad 22.1 hail-
storms In a 10--year periodi, a record for the lUntel Stites.) inwevir. the - --

hail ~ ~ ~ ~ ~ ~~u thtiAs -auI sf.hi -. e-pel ani therefore Is not damaging.
Inland et ations witb blgher elevtians do have destructive haI1storcs that * -

at times dazaze cosand pro:-erty.

for the st-Ati--Ai ansn4 the 223 :aable InI that la-.v hai a ttal of
,-5 or more lays of hail In the 40-;',ear preriod I9?. to 1%- data ',aye be'-n

tahulated from 1940 to 1949 in orde:- to s)vthe variaticn In fivquency byr
years (T-ible VIII). At many of the stations, such as Ora.'A, Neb.. ard
Rapid City, S.D., where the 10-ye-ar tota fr nmy is cw, some rr~rehs

during ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -~ th altr e~ -*fe.o alfron r= er.A

y - -9



Dama-ni halstormsaremos frquen inth hais istormValys lan

states and the High Plains east of the Rocky Mountains. This area is gen-
erally referrel to as the "hail belt" of the United States.

Canada (Tabla IV. Map 4) f .

Hall Is re'itively Infrequ~ent ~n Canada. In the areas of greatesr..
frequenry, the Prairie Provinces anc. the region of the Great Lakes. an aver-
age of 2 balistorts a -,mrirjpxpri*ced&

Mexico (Table 17, Map 4)

In Mexico, altitude greatly influences hail frequency. low-lying
coastal places suach as Tampico, Salina Cruz, an~d Fazatlan report an annal
average of one day or less. At mountain stations such as Mexico City and
Saltifl:, !both above 6,000 feet elevation, the freq~uency greatly increases; 10
Yexico, City h'as an average of 6 days, tnd Salt illo 19 days, per year.

Alas~ka and Greenland (Table IV, Map 4)
~~%

In these hiph latitudes, hailstorms occur with varying frequency from
cto!:-r through June. The hail is Soft hail or graupel, not damaging to

propertar. At 'Nore, Alaska, hail has been recorded a to~jl of only six times 7 7
from 1931 to 1)1 and then the falls were very light."

~~1Scandinavia (Norway, Sweden, Denmark, Finland) (Table VJ, Map 5)

In these countries, *dh~ch are above the latitudes where true hail of
destructive size falls, hall oc: rrence is of minor importance. Trondheim,
N3aay, and 7estervig, Denmark, report IS and 10 days a year, respectively,
wtrile other stations average 1 to 8 cays. The occurrence is greatest in . ... UC

K ~~springg, fall, ani winter at the North Atlantic coastal stations when cold. "' ''

frontal storms from the Icelandic quasi-permanent low pressure area occur
f~vqetly. In Sw'eden, the, occur-rencas noticeably diminish~ on the side of
the mountains protected from the North Atlantic storms. Finland experiences ?
hail infrequently but it occurs in every month of the year. Denmark has a
monthly average of 3 to 5 days ,f hal in the spring and fall while .in the ~ .

s~r It Is prictically non-existent.

British Isles (Table V, ?L~ 5

Throughout the British Isles hail occurs with varying frequency; a min-
irja of 1. days annual average is recorded at York in northern England and a I
maximum of 28 days at Main Head on the northern coast of Ireland. From
Cctober throu,-h May the frequency varies from 1 to 5 days per month with
December and J:.nua.-y showin~g the highest average at ali stations. This

ft 10
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frequency is related to sealsoal storms bloing from the Nort& Atlantic Ocean. " . "
In the surmer when the cold fru al storms dumnis, hall frea c is at a"
E ninum: one d3.y or less a moatA2 from Jue throgh Septewbe. " -

Cpntral Europ'e (France, &elzum, Genma, ftec~oslovakia, luetria, Hungaz7, "-.<

Switzerland, Foland, Rhmanla) (Table I7, Na .)

The hall frequency pattern for France and Belgiua resemles that of the
British Isles, particularly at low elevations. There are fewer hail occur- , .-

rences in these' countrie5., but the Influences producing winter maximum and
suxmer mini==m are the same Frogressing into *Xe interior, the coastal -

hail pattern influenced by Atlanmc storwms changes zo one under continental . ,
air mass and land-heatink climatic controls. ?his gradually alters the sea- .
sonal pattern to spring or srmmer maximum and i.nter Wi m. The suaer -'
increase in frequency is aparent is the middle Biz-onean countries of Austria,
Hungary, Rumania, Poland, and zecboslowala.

,editerranean Countries (Spain, ortura1, Italy, 71,rey, .eece, Tug3siavia,
Albar-ia, Cypr-s, southern.' France, Dodecanese Islands.
isrse2, N .r-cco.) (Tables 7, 7I and M7!, Ya.rs 5 and 7) ""

."-The area getieen the unta. raes of the Pyrenees, Alps, and Caucasus

and tne denexts of Sahara and Arabia in the south .as mill, =ore or loss rainy
winters and lcg, ".t, and d--j s'.umer.- - a climate usually characterized as
the "Mediterranean type.w "IV--in this general te t.. tere are =ny variations . .
depending largely on the toiorapty. Hail occu.is rostly in the wiifter and

*- spring, the srr-n; max=..m e:rg more rronanced in the E.ropean countries
" that border tne sea on the west. .e borderin r .rcpean comtries average ..

aboat ? to 5 hpstcr-s ner .-ea. Data for Israe: and Xorcccz show an average
Sof P tc 3 ,lays -er year In Egy-t and elseuere Af ) .rica, there are .

many acco'.nts of severe Jet i-s where large haisto.ones have dane treat dam- ". - " .

age to prop~erty and ca -Aed serzcr s inm4ry to anas ard mer. -

The Azcres (Table 7, Map 5) .'.: ,',-'K, '. .

The Azores experience hailstor=s in winter. ': Ponta Delgada no hail.,........ '
occurt from May thrnugh .. ember;- at Horta there :s occas!al hail in the - -

sunaer The anr.ual a-:era.e of 3 days . the sae as tint alcng the coa-t of ..... .. _ .-

Spain.

U .. (Table 7I, !ap 5 and )
Tne average of mta:a -tor-s trou6hout P s.-a : s i1 to 2 days per year. , ,. ',

- - :enes are apparent in the n a- patterr. which shous ... -, ,,

a summer maxm at al; t.e stations Since mst cf the area lies north of
500N Lat. where destructive ha:stos selda cccur and the hail that falls . * •
is u--ually grawpe!, it is Mrobable that destract11 to p-rcmperty by hala torms,:- -" " ,
is not a disturbing proble=. .- * *-'- .

• C > > . \. . ,',.4

-. - - S. L-- "



""2 - h. ,l\. .

Japan. -Okinawa, Formosa (Table VI, Map 6)

Thes.e islands have a low frequency cf hall; they average about I day
a ycar except for Hkodate and Sapporo in Hokkaido (Northern Japan) which
average 12 and 7 days respectively.

China. nr.churia. Korea (Table 71, Map6 )

Yer7 little hail is reported in China. The average of 1 day a year
may be too low because of incomplete records. It is reasonable to assume,
however, that it is of minor itportance in this area. Manchuria and Korea
lverage about 2 days of hail a year, occurring mostly from spring through
fall. -

Chile (Table VII, Uap 7)

ail occurrence varies greatly in Chile, ranging from 1 day or less
a.mumly at =aay of the stations to 7 days at Valdivia and 11 days at Isla
Guafo. Fzom December through April the occurrence is very rare.

Argentina, Bolivia. Uraar (Tablz VII, Map 7)

In Bolivia, bail occurrence ranges from an average of less than 1 day -
w. to f1 days per year, with maxi-u frequency in the wirter. Deriego, Uru-

*guay, only station in the country with hail records, shows an annual aver-
age of 4 d.ys of hail; only April and October are free of hail. Argentina
has an annual average of 3 days; hail occurs in almost all months of the .

year.

Brazil (Table '1I1, lMsp 7)

Brazil has little hail. An average of 1 or 2 days of hail a year oc- 0
curs except at high elevations. At Itatiaya (approximately 9,000 feet ele-
vation), a total of 4 days with hail in 6 years occurred from August through
March. At Porto Alegre (at sea level), hail has been reported only in May,
with an annual average of 3 days. ",- ,

Africa (Table VII, Map 7)

Hailstones of great sizes have fallen in many parts of Africa, even in 4
the Sahara Desert. Hail is remarkably frequent in the Cape of Good Hope and
Trarnsaal (provinces in the Union of South Africa), and is at ties most "'
de~e-ttve- -.. ' .,.

According to Brooks,6 som of the hailstones may be as large as cricket
balls and weigh 1.5 pounds each; they kill sheep and cows, and pierce cor- k.

rugated iron roof- .e if they were ia1 er. Tables are not available for all-
.6 sections of the continent. For countries that have vublished records, the

data are possibly conservative since staticns are so far apart.

12
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areua icnaideity tbere thai wipothi sond cloudscan orry eation e; wo------

the "bail finger* protuberances and the occurrence of hail; researchers at -

Massachusetts Institute of Tecnlogy are not so firm; in her conclusione____
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since 1) ttey have had 1ttle hail to study in the Boston area, and 2)
every thunderstorm radarscope has irregularities of protuberances very ..

difficult to analyze. Therefore, the only thing that a forecaster can
-ay, even with tke aid of a radar screen, is that there is a possibility
of hall; he- I- less asurance of its occarrence than he does -f the rain." ~~~sh'-owers. I.. e..

Observations made by the U.S. Weather Barem thundcrstorm project i 0 in

Ohio with an /TFS-10 radar showed the rest frequent appearance of t'a first

te level (about, -20 lobk. a
radar eh-t 1,000 feet above the freezing Cee)aot.~O Wrma ~ ~ *

and Reynolds, 5 3 found in New Mexico that the fir3t-echo received by an ,. ,
A P/Ai-13 radar from the growing cu=ulus was centered at about -100 C. The -<" -
liscrepancy between these two is ascribed to the difference in detect!ctz capa- .

o; f the two sets and to geographi4c differences.

Wexler,52 in computing the grc-.th of rrecipitation particles in cumuli-
fPr clouds and determining thereby the theoretical first appearance of radar .
echoes, found his theory in agreement with Workman and Reynolds' observations -:-.-.$ i '.
on the behavior of the first radar echo. Wexler's theory also explains the
s2imultaneous ascent and descent of the echo after its first appearance as
follows: wThe echo ascent is caused by the detection of hail at successively r;.",' .C ...

higher levels in the cloud; the echo descent is caused by the descent of the
first detectable hail through the updraft.- "

-T" me.jus oter investigators, among them Stout and Hiser, 38 and H.T.

Harrison, have been studying the possibilities of hall detection through
the Interpretation of radar echoes in thunderstorms.

A great deal -f study is still to be done in the Interpretation of radar-
scope shadows before the shape and section of the storm cloud where hailstones , .,I. .' -

form can be identified in all regions where hailstorms occur. More complete *. .
thunderstorm-hail-pper- air observations are necessary before we can analyze .
other problems of hailstone developmeilt. . A'Z'- ..

Records of radar detection of hall are becoming more numerous with the '.

installation by the Department of Defense and other agencies of radar statona -' \- \ S

at airports, weather stations, and various research organizations. Eventually
it may be possible to overcome the inadequacies of existing sirface hail obser- " "
v3tlons by provIding rore conclusive upper air meteorological observations on .'.- -

the characteristics of hailstones as they form, so that size as well as fre-
quency may be forecast.

Statistical treatments of available data designed to arrive at areal fre- .. ,

quency distributions are corstantly being, refined, tested, and published. The :
testirg of such analy3es must await the accunulation .of accurate and more corn- ..

plete surface and radar observations." Tecfni-ues for forecasting hailstone .- "'

size have been developed by Fawbush and MillerJ and Foster and Bates.15

pirical treatment of such a complex problem, however, is only one step toward . .
4 a final soi ion, a-.d the accuracy of forecasting I-ail occurrence and the size

141
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of hailstones which may form munt depend an additional radar observations fr~m ,

a closer ?,-.'g'rk of weather stations. 'A

"A Hail-thunderstorm -Ratio

Another r,;thod Or computimg possil occurrence of hail for uir' area is
by use of the hall-thunderston ratio. This ratio as developed by Shands3"
shows the p~i'cent age of days of hail in relationto days of tbinderstom.
Mlap 1 shows that more than tu*-thlrda of the United States has =s annual hall- 'z.2" .

thunderstorm ratio up to 10% (that is,. of every 100 thunderstorm, .10 are ac-
companied by hail). About one-third of the country has a ratio up to 51L
R~ecords from 217 Weather Th jreau first-order stations were used In arriving~ #At
these ratios. There are occurrences alon, the Pacific Coast, -Pntioged by
Shands, and in the mountains of the Denver area2 mhere the ratio of hall days * .

to thunderstorm days exceeds 100%, and two stations in WaShingt state ube ..

it exceeds 400% (see Tables VIII and IX). This indicates that 3aistom -I

occur In meteorolo;,ical conditions other than those associated with thunder-
storm cloud formation.46

The hail -thun derstorm ratic Is a good guide in deteradrning ground .*qpo-
sure in the Central. Plains. However, the ratio mVy be distorted in~igher -

* areas where the topography Influences the vertical cloud structure.'

United Air 'lines 11ailstorm Study

In 19249 UnIted Air Lines began a mi-rostidy of huailstorm~ In the Venver
area b7 setting up at randam 11 reporting stations; there was afrea4 a U.S.
W eather 3.ireau station in the city.

Flr,,re 4 show-, t!.e con,%arisan between the Wieather Bureaua data for days
with hail anmi th~drstomrs, and the United Air Lines "unofficial Yetwot"
data. it the Denver area 111*3 thr:ough 1955, durirg the S Aonths of the year
when haiil occirs..

Duiring the first year of this vtuty, with an 11-station retvei*., the ' y
* toof "area'I repkortin,- of Wa1 to "point" reporting was 11:1; that Is.

there were q timeF as =an7' hailstom-% reported by' the 1.1 rtatloes as were
recordel at tne' 'e:,?ther Bureau station. In 1950 the 'United Air Li-ne net-
wer'k was expanded 1-amn 11 to 4) stations. Howpver, contraz, to expectations, '*

during the period 1950-55, there was no increase in the ratio. The tabulation
* below shows the area lfre~uency v's. point frequency Gf bail during the 7-, yeaw
*5 study.

.4. 1950 8:1 '"'

1951 1
1952 &l I* . .

1953 3:1
1954. 2:1
1955 3.1 ... **

15"
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U1. S, 0phvtmost of Commerct weather Bureau Hydromstovaologicat Soct~ee
#I* 24 so S o. .5. .0r as- go5* * -

RATIO OF DAYS WITH HAIL To DAYS
WITH THUNDERSTORMS (PERCENT)

10p

,. Based on 217 First -Order Stations 'I

Map 1
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" 1ccordlnm, to 3echadth, 2 the lose ratios of 195 and 1954 here coincident

with hry siers; the relatively low ratios of 1951 and 1955 we the result

of a md* Inci4enoe of hail at the 4eather 3reau's station.

Tohnt reporting at other stations in the neteork- falls into a pattern
cosIsteet with the official Treq-encies as iflustrated In the above table.

For an id"ti-ication of the grids representing 1-square-, ile areas that were ,

uged In the wmofricial bail reportin- .et-r X for the Denver area, see XV 2.
If IrnvlIduil stations other thn the official Weather Bureau station are used L;

as the b-e for an area-to-po int ratio of hail, results are nct significantly .

cban'med (Table I-1 ani Y~ap 2)

! 2 3 4 5 1 7 a 9 50 I0

IZ m

-L

sa !* ' 4

. ~DENVER - 194"95- "•

,a" of JAm

33T N." .2tctia.l M11.or.t. fetio r .oi' Denver area 1949-1955. Grids
.v'9h -0 " -ea-. of !.a are cross-! tc. 4,. 313cc cirles are reporting
poirts ihl-h. have exis.el T)r ore -r ,cre ih-il seas-ns. 'rlds representing

lder... 7ernon, ^ .ml.er, an! ?uckley F!elJ are not show. to scale, but -
are indicated in relatien to the inersec. 1= of Colfax Avenue and Broadwaqy.

. .... .. ... . . ..-....-............ ,.•,.,- .. .......- ....... - ).
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TAKE I]: Comparison of, Area with Point Reporting, Selected Stations. L~

Grid Number of Hail. Days Average Area-to-
t~enrtig Stt~on)s 01. UOA 1951 UL92 ~ 9  9 Point Ratio -

C-9 (4eather Bureau) 4 3 9 2 7 4 9 4.3:1N
E-11 (Navy, Buckley Field) 8 5 6 3 5 2 3 5-.1ij

E-7 6 5 10 3 2 1 * 5.0:1
C?* 3 9 2 4 1 7 5.0:1

*%a data ~'*""
-% If,

Estitvits have been made by earlier investigators and United Air Lines
that 1 installation for each 4 square miles would be necessary to produce
reliable figures for area hail frequency. The cost of equipping and main-
taining such a close networkc over a la.rge area would be prohibitive. An
even greater density of reporting stations would be required, however, for
stulying the finer details of individual hailstones such as size, distribu-
tion, and the dimensions of hailstone patterns. Accuracy of reporting at
pr-esen. appears to be achieved only undier the controlled conditions of
iJcrometeorological study.

- Hatlstore 51;e

Size or hailstones is of minor Importance to farmers; hail of'samail
siecnbe very lam~aging, depending :,r the stage of growth of plants and 1

force of the driving wind. However, in lesign of military equipment, the
size of the hailston~e is the most important factor to consider. ~- ~.

Eliot12 reports on the fre-juency of hailstone sizes in 597 storms in

India:

Diameter t(cm)* Frequency()

Not larger than pea (0.6 27
Between pea And small lime 0.6 to 3.0 51
Lararr than small lime > 3.0 22 Al~9

i cm7ar rox. .2 Inch
3 cm 1.2 inch

He states: "It is probable that orly a small proportion of the bail-
stirmsg In which the hail~tones are of s.all size are reported. The number 6

* ~of these storms given in the preceding stateneot is almost certainly of no *v
* value for t!.e purpose of comarison."

19

% %a



- - * - - - . - - -- ,- - ---

. ..

...V U t .2 - - C _____3lls, mm,'.-. .-.- .- -.

d he freqaencj of 27% fr occurrence or the smaller-sims hailstones
desseen too low In coMarismn with the frequencies of the Larger sizes.-

__29 smarze the distribution of hailsto siz
Centra %ropo its follows:

the ~~....-....:q

Sie Dimtrcm)* Frequency -- :-'*,3.

Up to2 or3ctan Up to 2 or,3 Most comm.on ..

Pileon eg-s 4 Especial73 heavy storm,
Hen eggs 5 'Even heavier storm. -.

It rm be seen that it Is Impractical to plot distribution of a'sses

r shizes m: -t]y ththise aofn d srontl after Qe fall cofd hal '_ .-.
h erson,1 grouping a a the most cocon ranges of stone sizes measured , - "- , "

, . , .. . . ,, . -

byvrousivesr ators toL the grud hortedly the ane of hiles pro-"-L'j% .'

duced the following comparison between selected regions:

n , eir e post Con Sizes (dimo)
cm*

Misor 0.6 to 1.3
Central Europe 2.0 to 3.0-
Fre s o0.5 to 2.0
India 0.6 to 3.0

'From tais tabulation it appears that Central B-rope experiences large
hailtones more freq'iently than the areas vith which it Is compared, al- _
though the fsiency of hailstorm is greater in the United States, as
shown In Tables IM and .-

However, according to the study conducted by the United Air Lines in
Denver, the occurrence of large hailstones Is more frequent than reported.

In13,United Air Lines reported that hailstones the size of walinuts or .'

larger were encountered In onily 1 out of 800 thunderstorms that occurred . -

along or near their route between Colorado and I11Inois. 4 2 The ',?,9-55
microimeteorological study of hail in the Denver area showed 39 occurrences
of hall the size of walnuts were reported In a total of 2,639 storms.

2€a: .8 • " " '"*Approximate va1lws in Inches are:
.5:n.2 ich

2 ex'.' .-8-
: 3 cm=1.2" !1 1

.Q J. ,'- = ~1.6 " ", -- ',",":

- 5 es 2.0
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Vlgw'rw 5 ehcls thid frequencyk
distribution of maximum hail %%
size in the Denve. area during
the period c' study, and Figure ~ ~ ,

__________________6 shows the rail size by month -

for the saaa jrio4.

* With growing evidence that
U ________hail exists at some level in the
Z majority of thunderstorms, the

______________forecaster needs to estimate the -

size and type of hailstones. It _________

is apparent that the frequency of ~ ________

o destructive-size hailstones, i.e., e.
. ~the size of walnuts or larger, is *-

much greater than has been hereto-
a. ~fore considered. .:-

0 ~ To estimate in general the
frequency of damaging-size hail-
stones is an impossibility at the

- ~present time. More exhaustive anal- ~.
z ysis of meteorological conditions

that produce large hailstones i
"It an0LM M tat constantly being made, so that the .V

*"glow,~ forecaster or designer of military
FUIOU~cV ' ~'equipment may in time be aided by a
C'EN ISTRIBUTIONd OF

MAXIUM AILSIZE, ~~49surer knowledge of the areas where
these conditions are apt to develop .Imost frequently. 4 0'4 1  ~ ~

Flat. 5 Frequency distribution of max- 8. D a ;-.k-

lm hall size reported In the unoffi- ~~A
cial network 1949-1955. This shows the Hailstorm destructiveness In 9 9
number of cases reported of each hail- varying degrees Of frequency and
stone size, the observer indicating only intensity is experienced in all lat- -. \ .

the largest stones observed in each re- itudes of the earth, from the trop- ~.
port (courtesy of United Air Lines). ical to the Arctic, and in all .{ V 4

hn~ghts from sea level to mountain- % % '~A

ous elevations. The destructiveness **

Is extended to upper air levels, in damage to aircraft, occasioned largely by
the difficulty confronting the forecaster in givirg pro-flight advice to avoid % ~ :
hail.

of In considering the, advisability of establishing criteria for the design .

ofmilitary equipment, It Is necossary to examine only the area around the
world between 300 and 500 W. latItude. This is the belt of greatest frequency ________

and within this belt lie the areas where occur the greatest damage to crops L
and equipment.

A-'0

a~ LX N-
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PERCENT OF MONTHLY REPORTS

1 0 20 30 40 4-0 10 IQ so 100%o~

SEPT jf 45

H4AM1 SIZE BY MONTHS
DENVER- 1949 - SS

Fig. 6 Distribution of hall size b~y months. based on unofficial neivort
data 19,49-1955-. As in fig. 5, these graphs are on the basis of the largest
stones observed In each Incidence of hail reported. (Courtesy of United
Air Lines) L 9

In the Arctic, the hafitbat faals Is Infrequet andthe hailstonelIs
usually graupel, c. soft ball, which can cause littl, or no damag to
equipment.

In the tropics, destructIve haflstorz do occur, but are so Infrequent :'#:
that there can be little justification for desiging equipment to withstand
the damage occasionally experienced. : X -

The nature and degree of damage caused by a hailstorm depends an the ~ __

seas= n w hich At occurs, and local characteristics of the daaaged area. . .,-

The nst unfortunate circumstance connected with hailstorm incidence Is that -- *-

* ~~~It occurs with greatest freq~esicy, In the United States, during the season *

or growing and harvesting crop. The simmer is also the time when livestock,
mathirnery. and man's possessions in gerteral are left unsheltered and exposed
out doors. Thus. the occurrence In this season result. in increased damage
to &;I kinds of property.- -
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Data for 191W through 191 show an annual average property losK4{-- <L.;

exceeding S5,000,000 and annual average crop damage of more than '~

30,000,000 in the limited States.* Of all the states suffering damage y,.

due to hailstorms, loom consistwitly reported the highest losses.

Recorded losses from hailstorms in the United States are published
by the Weather Bureau.4%5 AA* 49 These data on damage include information
gathered by Insurance companies and news-reporting medis as well as that
gathered by of ficlal Weather Bureau stations. It is reasonably certain .
that the majority of damaging storms observed have been tabulated by the Z ~
weather Bureau, and certainly none of widespread destructiveness has been -

omitted. The amounts of losses are largely estimates, since it is diffi-
cult to determine the proportion of total destruction that is caused by '

the rain and high winds that usually accompany a hailstorm.

insurance companies have made careful climatic-atatistical 3tu44es of
the distribution patterns of hail in order to establish risk rate.' In
plotting hail frequencies for any.year, or the total days for a number ofW
years, there is a spottiness of pattern that indicates variables apparently
more important than frequency in arriving at a rating percentage. The data *

indicate that one hailstorm may be more damaging than several others, de- 6,
pending on wind force, crop maturity, size and number of haistones, nature
of the exposed property, and many other factors-

The U .S. Air Torce makes studies of hailstorm damage sustained by USAF ' ~
aircraft. 4 3  Yap 3 shows the geographical location and month of dam~ge to -
aircraft by hall from January 1946 through May 1950. Table X cove"s the .,

period from January 1946 throligh May 1944, and Table XI ccvers the period
f rca June 194P3 through May. 1950. The tables do not give losses in dollars,

bu 'esrbe weather conditions encoaintered, and in Table Xtentr f-
the damage to the aircraft. In the first period, 62.5% of the aircraft fly-
Ing through 'hailstorms received major dankage. In the second period, the
number was incr\easel to P31%, No mention is made of the size of hailstones
encounterel.

United Air L~ines reports..hat simulated tests by the Civil Aeronautics
A.~thority in Iniianapolis, Ind., resultel in evidence that a hailstone one i
inch in diameter is about the critical size betwe,,a damage and no damage t~ 12*
the average modern propeller-driven transport F-irplane at cruising levels.
Speed of the plane Is an important factor, but the hailstone size has greaterA
effect ir, deteriing the amount of damage. The CALA tests of simulated hail- ~ .

stones fired at a stationary target produced the following results: ',.

Hailstone Indentaticn (in.) on '

4 DaeteIjj pe mh Simulated DC-6 Wdinx .

3/i. 260 None measurable
11260 .04
2160 .04

*M~ore thin 1,400 NJorth Dakota farmers suffered total crop loss in 195

because of hailstoriis.in 95

23.



"1M. StORM OAME To ON"~

JATION a Now*$ .

440.

pap 3. --

Vetal surfaces of DC-6 aircraft stationar on thegrudwld L
ordinarily be damaged by Wailtone, of the abovo sam, became hailstone
speeds are far below 160 aph.

In the Wfeather Threas thenerstorm project In 19V~ hall was an-
countered on 51 of the 412 traverses through storm In Ohio, the mwdin
frequency occurring between the 10,000- and 15,0004*4e levels..

-~9. 'Unusual Hail

Many accounts of unsual hall appear In. early literature.. Sam are
too startling to be accepLed as authentic; others tbat do not tax the Imits
of known physical laws can be accepted as credible.

Evidence of prehistoric hallstones has been feound b~y goe sts2 5 in~-
fossil hailstone casts In coal measures (Fig. 7), Wiere sand or loome sol'
had sifted over the prints made by hail In soft wmL

H~all in literature

T n early (1926 literature, the"e %ppeared accounts of bailstonve
the size of ahousmSc bexagrated reprts arsi usuany brought about
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by the discovery of huge blocks
of tee on-the ground after the
hailstorm Is ever. These "huge
bailston.es" cons5st of a num~ber -. ~ -;-

*~ of hailstones tha-. have stuck to-
*~*~.'~

4 ~ST . . b.V3 gether and terge4 after they have ~ .

,. fallen in that state and thus,
* ~a- startling "discj~veries" have been

L. ~ '~__ .. ~any official cnfirmation of such
large hailstones. "~

epreThre hsoneve thtbe

b~een exmie an afiill en
-si ~ \.,7p0 Vt firmed are the size of baseballs, , .. ~

4 aid I rare instances, grapefruit.

A'. -- *- -4. A reliable listing of more VUJ

~ e.than 50 his5torical hailstorms that
r._ A .1 occurred in the late 1700's and

througii the 11,001s in various parts-
of the world cainbefound in .- *~..

Flit. 7 Fossil hailstone casts from Russell's book.314  These references
*Ztl South Afr-ca are largely from physical science -'.'x

journals that have evaluated the*.'
rellabilltyr of the data used.

Popular w.ritinr, such as an Item In Ripley's "Belieyr It or Not"'0 des-
cribing a hailstone the size-of an elephant-is a source of inaccurate in- . .

formation

An ccontof lepan-size hailstones can be found In a paper "Remark-

able Hallstorms in India, March 1851 and May 1-85.4 by Buist.~ Describing
fo3ur occasions on which remarkable Masses of Ice "fell' in India in the early N
l1O0's, IMzst coim-erts: "These masses of Ice, like many' of those that are
considered hailstones of the largest size, have, In ali probability, been:I.N21
forme*d by violent wh-irlwinds or eddies, and seeM to have reached the mon-

* ~~strous dtnensions in which we find thems, either on their approach to, or ... ~ -

* their imping~ement on the ground: and the same thing will apply to those of
much more moderate bulk, and which are couaonly considered hailstones, though *
when e xwrtned they turn out to be a rumber of stones aggregated t,:gether."

Vany of the masses doubtless owe their origin to being blown into hol- .

Ios or Cavities such as that reported by Thssell3U in Belgi= in 1850, in
this case the hailstones were swept Into a dry well where they almost inse- ~ ,

diately correaled In~to a mass. It would seen from this account and others
thitt early writers had creditole explarations for large hailstone MAssesA

A that were discovered after storrs. -,
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* Fig. S. Hlailstones that fenl at ?atteri Ne.. 7 Ju34y1921L

Hail In contemoorary time

One of the most remarkable hail falls on record In the United States
occurred at Potter, Cheyenne County, Nebraska, as 7 J-Ay 1928 iwre fel *U

the largest officially-recorded hailst ones In the P a mtry (FIg. 8), large
stones have been reported at various places but noe carried the authentico-
ity of these. Most of the large hail ranged from 10 to 1A6 inces in Cii-
cuference and weighed from 5/8 to li pounds. The larger stones um -

approximately 10 to 15 feet apart. The largest Asn recorded du-rn4h
f all was 17 inches in circumference (5.41 Inches In uiaemeter) and WeIgbei
11 pounds.-

figures 9 through 13 show the extram Bite of hilletuws that case
-~~ the most ddmage to equipment on the ground. Figawe 1U Mistrat.. the dm.b *

age inflicted on an automobile by hailstones of extrae alse (Fig. 13). '-

However, ,the likelihood of equipment being struck by stones the size of
baseballs (Figs. 9 and 12) Is only about once in 5.000 bmlstorms.

Hrhrn20 gives an account of hafletonis in Ilyderabod State, Ltda
that occurred on March 17 and la, 1939. The largest balltones2 that fal
on the first day weighed 7j pounds, the largest an the second dAy wij&d -V'
5 pounds. Thesomof Kirch17 affected7 vlgesin an am of30
square iles, causing considerable damage to propeutjr a0d ISJsU7 to ]J - L

* stock.
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Fig. 9 Plalistone that fell at Fig. 10 !4easureaent of balistom

Saitlarid, Ed.. 26 May 1953 showin In Figure 9

'I7I
y

-t V

Flit.U W~sone cmp"Vd Fig. 12 f~alstones the size o aeal Ap
ith a termis ball, ThrbaN, Veligh, Nebrhiaka, 13-14 June 1950 -

South Africa. 21. June 1929
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Raflqtorm klcb are rearkable from the standpoint of destructive- . , . 4

res to crops and other surface property, need not always be characterized . -' .

by large stones. There have been nuerous instances of damage where large
area have been eopletely covered by heavy amounts of hailstones. Fig. 15
showing the depoait of stones over a wide area near Ada, Okla., on 29 May -4

1940, illustrates vividly the extent of destruction such a storm can bring
* ~~~to agriculture, particularly if it occurs during the season of growing '. 4 {

The same type of storm occurring in a city (Fig. 16) or military in- .~-

stallation ay clog sewers., paralyze transportation, damage lights, wirdows,
roofs, and equipment, and in general create temporary havoc. Destructio- of
equipment would be secondary to the more serious situation of vehicles
blockin hail-covered roads znd in ditches during and after hailstone . '. ,
showers-.~({

Abstracts of 36 articles dealing with wwnual hailstorms in many coun-
tries can be found in eteorological Abstracts and Bibliography; 2 9 some of '. ' N.

the articles report hailstones Of startling size and destruct.venes.

The Pontly WNeather Rheview througb 194#9 reported hailstoM occurrences
and gave brief descriptions. From time to time since then, the publication
has had separate articles describinK hallstorus.

10. Conclusions

Destructive-size true hail is most comm. in the zone betw.ea 3e --
500 North lati~ude, althou~gh unusual ballstorms may cause heavy damage aniy-- .

where in the wo:ld except the polar regions. Hail is most frequent during
the winter In high latitudes ani. during the suner in lower latitudes.

Hailstones have been found as largre as 5.4 inches in dia=eter and
weighing 1.5 pounds, brt most hail that reaches the ground is smaller than
1 inch in diame.ter. The speed of a hailstone rather than its size deter-
mines the amont of damage it wil cause. For this reason, high-speed ,-,'.** .
aircraft sustain greater daage than stationary or relatively slow-movi ng ,......r4..-..,
vehicles aM equipent on the ground. -'--..'.-.-.4.

The U.S. Weather Bireau, the U.S. Air Force, airlines, insurance corn- _ -
4 panies, and otner agencies are actively engaged in hail research. It . -

would be usef-l to the Ar to have additional detailed information on the
frequency and distribution af critical-size hailstones.
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4 

4
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Appendixes

A. Tabuar Data on Hail

Total days, with hall: United States U! 37

Averarze days with hail:

Worth America (excluding U.S.) IT' 43 - -- ~~1. .

Europe 4 &.
Asia (including U.S.S.R. in Zurope) vi 53
South America, Africa, Australia Vi! 57 .' "

Total lays With hiail at 25 U.S.
atations. 191.0-&2 VIII 61

Total days with thunderstorns at
25 U.S. stations, 1940-490

Hall causing danage to U.S.A.F.
aircraft in MAWxht

June 1946 to I.L-9 4 8 r 79
June 1948 to May 1950 XI so

B. Paps of Continental Areas Showing \
Weaaer Stations

North America .4 85
Europe (i~ncluding Turkey) 5 86 ~8~
Eastern Asia 6 87
South America and Africa 7 8 ~'
Australasia a 9

As-
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TA!RL-F !IT: Total Days ithj HaiL, United States

Station I

N:o. rame Obs Ja Ye Na -4N m af M l0
110Abilene, 'Texas 40 2 41]A 38 602 6 1 4- 6 6 23 :. .

111 Albany, ..T. 40 1 0 3 4 14 9 11 5 3 1 1 0 52 -
112 Albuquerque.n. 1 1 1 ; 8 3 4 3 4 1 3 L . "
113 Alpen., Vich. 400 D 5 413 8 S 4 4 61 -. -
1 4 Amarillo Tex. 40 3 9 16 31 22 6 6 2 7 5 0 -- '

115 Anniston. Ala. 25 1 5 3 7 5 5 6 1 .3 1 1 038 - ____--_

116 Apalachicola.Fla. 1e 0 2 0 1 0 2 1 a 1 0 0 , 6
A- 117 Asheville, .C. 40 0 2 3 7 11 1 10 5 0 0 0 0 49 .

11A.tlanta. Sa 40 1 4 9 6 9 7 10 5 * 3 1 5 60
*.119 Atlantic ity.N.J.4 0 2 4 1 4 4 1L 2 1 1 2 2 23 [.

120Aulpsta, . 'a. 40 0 31 4 7 2 1 • 1 1 0 1 1 23 :: -/:% _-''

121 Austin, Texas 1 0 6 8 4 0 0 0 0 23 0 27
122 Baker City, Ore. 38 0 5 3122 20 27 14 9 7 7 1 030
1:13Salti~re, Md. 40 3 1- 512 1713 4 6 0 2 0 .0 63
12,4entonvUle, Ark. 14;3 10 5 5 8 4 1 1 0 3 3 , , U
125 11nghawtan, ?!'. 40 2 o 3 4 9 1 17 11 5 5 3 0 74 , -

126 Simneham. Ala. 40 * 6 121314 7 9 2 3 22 1 75-
127 isruark, N. D. 40 0 0 1 18 2 29 7 1 0 0 010.
123 1ock IslandR.. 40 4 1 5 5 2 1 27 3 .

1'9 iotse. Idaho 40 210 29 26 275 3 2 4 7 32 7143 _
130Oostan, Pass. 40 0 01 3" 5 33 2 2 0. 2 0 2-..

132 .7trownsville, Tex. 21- 0 • 1 1 1 1 0 0. 0 0 0 IL:: 7 :-

l33 Pualo N... 40 1 0 7 7 9 77 5 111 7 0 7 "
14 %rlirg+.on. Vt. .37 00 1 5 4 , 1 0 0 ..

135 Cairo. Ill- 0 3 41714 67 3421 77-
136 :anton. .YT. M 0 0 2 8 7 10 7 6 5 9 1 0 55 *..-,

13'Cape Penry,Va. 35 0 0 5 7 f 5 1 0 7 1 0 32 -...-.;--.1?A Ca~e Mav. 41.. IS 6 '2 5 1 0 1 1 1 0 0 2 3 21 *- - "- :. . .

39 Charlesit.y .owa 39 00 6 0 5 224 21 107 9 •5 1 0
10 'hrleston, 32. 40 0 3 4 3 3 2 3 2 1 0 1 0 22- * .
141 Charlotte, N.' 40 3 5 10 43 2 2 4 6 0 2 2 52 2-.
1/L: Chtta.-oora, Tenn.40 3 4 9 13 17 10 5 4 1 0 2 1 69
43 Cheyenne.Wyo. 40 00 0 23 02117 62 51 3130 08 3W -, .

1I+ Chica~o, Ill. 40 0 23 $ 3 1. 2 251, 9 8 1 2 4 1 71 . .- .... ..

11 Cincinnati, Ohio 40 2 1 4-17131 733. .... 1P 0 "
146Cleveland. io D 2 79 6 10 8 .:..0...:..,
14owbia, o. JA 7 2 22 9 I14 4 3 14 5 6 317

• *Aow-.bia. S.C. 40 1 1 0 81 4 6 2 0 0 1 3 6
1. Columbus. Ohio 40 1 4 1 11 16 10 7 9 2 2 5 0 85
15 Concord,!... 5 0 2 3 9 34 2 1I 1 1 29 -
152 Concordia. Un. 39 0 2 12 ,4132 7 2 S 3 3 139
VI2 Corpus Christi, 4G 046 10 1 0 0011 23 7 \1 2.'.,'

texas

• £ . . . . ,.

.. . . . . . .. . . . . . . .. . . . . .., ...-......,- '

,*" . . ' , , S. •- ". o S. - "S

37.. . . . . . . . . .. . . . . .

.~.' -'S.. . ,S-,S.** '*S ~ S,~* *
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TAE?.II (Cont'd)

Cbs- Jan FebY p_r J lAu Se Oct NovDe t

153 Dallas',;ex. 35 &620 27 2731 7 2 3 5 2 3 3 1A r..154 Davenport, owja 40 1 1 14 23 2319 8 3 5 3 5 1 106
L-,155 Dayton, Mho 29 4 3 8 22 10 11 7 5 2 1 1 • 64

156 Del Rio, Tex. 38 0 3 7 19 18 1 1 2 2 1 1 1. 6157Denver,C olo. 40 0 0 2 17 45 33 1 23 9 6 1 0371;47 %smoines, low 40 3 2 172 26 22 8 8 16 8 1 1136
e City, Xm. 40 0 3 23.1.1610 31 417 1

161D9l 7 5 0179162 Drexel. Neb. 10 0 0 2 10 8 11 10 5 2 2 0 41163 Dubuque, owa 40 0 1 12 29 25 ]1 6 7 5 5 4 011U164Due'Wesi,S.C. U1 -1 3 0 3 3 0 3 1 '1 1 0 1 17 -165 Duth, MIjr. 40 0 0 11 16 13 10 5 5 1 0 84 ',166 Eastoort,e. 40 4 1 2 5 4 7 3 1 1 2 2 1 3316? Elkins, W.Va. 40 2 6 8 14 20 13 8 L 2 4 2 1 1 -?1"0 Ellendale,. 15 0006, 90 620000 40 .169 E1Paso. Te4. 0 3 U 9 0 0 3 3 5 4 4 4 0170 Erie, Pen. 40 2 5 9 0 5 122 3 4 2 20 4 1 451"1scanaba. cIL 40 0 2 6 9 24 14 22 12 5 7 0 0 1 -
72" urea. CaL. 40 57 19 61 17 9 1 0 0 1 4 15 32 6 2,173 Evansville, Ind. 40 1 1.1 ;;2 10 7 6 2 a 2 92 >..14-Ariz.FlagstafA0 . 0 013517 15 13300571-5Ft.SrithAr 0 6 1 22 17 U $ 1 0 0 1 6 so1Ft. waye, Ind. 32 0 3 6 16 10 7 10 5 2 3 0 0 62177 Ft. 1-orth. Tex. 40 2 920 30 IS 23L14 1 1 0 1 2 9V1*1 '3 Fresno, Cal. 40 8 11U 9 0 0 0 L 1 .4179 Galveston, Te.L 40 0 3 5 0 6 0 1 0 1 1 4 0 291 Grand Haven. Mleh.27 0 1 3 10 2 2 682 0 41 N%1-1 Grand Junction,Co40 1 1 618 201 4 3 7 3 1 0 75182 leGrw a.ih 40 218 17 19 97 2 9 20 089

123' I rteen 3ar, "s. 40 0 0 5 9 12 14 7 3 6 3 3 062IR eesbor'o.,.14 2 0 2 23 2 1 1 10 0114l4 Greensville,S.C. 21 1 2 1 5 1 . 4 1 1 0 1 1 26106 Groesbeck. Te. 2 1 2 5 5 6 2 2 0 0 0 3 1 271'7 Hannibal. Mo. 29 2 4 2420 2016 35 0 33 090 -108 Harrisburg, Pa. 40 0 111 10 17 8 4 2 3 0 0 $7l9Hartford, Conn. 3 0 0 2 5 11 12 5 7 1 1 2 1 7 '190 atteras, '.C. 39 0 0 1 ; 0 1 0 0 0 0 2 14191 Havr, orrt. 40 0 0 3 10 26 22 13 38 83 0 0 "19 Helena,Jit.. 40 0 0 1 20 35 " .2 20 12 4 3 4 197193 Hou hton, Mich. 29 00 2 4 7 6 8 5 8 2 0 0 2 -.194 Houston. Texas 34 4 5 78 8220 0 1 1 3 41 >

~ 38
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:;tat Ion Trs. 7.T-~ I

No. n N v bs Ja Feb~ a 1:a re- Oc :e a

196 Independence, ;d18 0 0 0 1 0 2 0 0 0 .1 0 0 4
197 Irdiaarolis, Ind4W 2 9423 12 2
1112Iola.;-an. 26 U 4 151 18182 20 2 33 2 79 ,
199 Ithaca.' 15 0 01 03 5 6 42 0 0 2
200 Jaclksonvillt ,Fla.1.D 0 1 2 5 7 33 2 2 1 1 0 1. 35 -'KQ\~
201 Jupiter'. Fla. 7 0 0 0 2 2 0 0 0 0 0 0 0 3-
202 Kaisrel'A,'ont. 40 0 0 3 A 19 25 19 11 8 3 0 0 92
20 F35; 7. 4 3 5 2 352 7 8 I 105 173

20 eWst. Fla. 40 0 0 0 0 0 1 1 0 aa0 0 21
2C6 V--nville Tenr. 40 24A 619 1216 7 8 33 1 1 S2
21)7 La~rosse. ;-*s. 40 13 0.j 23 19 33 9 10 4 7 4
200 ander.~:-~ 40 0 0 13L 211IT 7 6 1 0 2 0 ~k'
20', Lnsirp-,,Vich.- 33 0 5 3.10 2*3 6 3 6 26 1 .1 72 ~
210 7alille, 11. 8 0 2114 41 1 031210 017

21 a.wstnl o 9 0 11 7 4 2. ___________3____3

21; exin-'ten, Ky. 29 3 45 5 10 9 632 2 0 3 62
21"'ircon, 'Jeb. 460 0 '113529 283033 0 30 4 3 2142
214 little ' ck,Ark. 40 2 23 16 21. 17 31 5 2 3 1 2 2% 9
215Los *rrees ,&a.40 8 10 17 3 2 0 0 0 1 0 0 2 43 ....-.
21 6 Lisvil~e. Ky. 40 3 3 16 16 18 9 7 5 2 0 4 4 87 ~. VN~

214 Lynchburp. 7a. 36 1 11 6 510 41120 10 31_ __ _

mco, :"~A. 40, 2 3 5- 8 7 4 7 -4 2 0 0 2 44
220 idison Wis. 39 0 1717 23 10 16 14 45 0
221 '4arquett*. !O1ch. 40 0 0 1 3 2 .34 33 7 25 5 0 0 69
222 e IN-? 16 0 4 t 1711123 1 1 2 1 1 0 45.
2123 '4er.-Iiis. 7en-. 40 3 10 U 23 10 20 2. 0 .3 '3 3 4 81
22Z. Y;Vts. 40 2 6 7 16 53 3 20 1 0 045 -:'' 5
225 Mi ia. 32 0 2 0 4 4 1 1 0 1 D 0 214 'WA ~~
: .)6 miles it-,.'Ort.36 0 0 3 8 20 IS 33 3* 2 1L 0 0 77
22' vilwau'ce... Wis. 40 0 3 7 24 22 34 8 9 7 5 4 093 ,.'-
'2 M1neano11is.%1n".40O 0 0 7 9 23 17 20 12 2.0 4 0 0 92 ~'>
229 41ssolia, 0 ont. 8 0 0 3 5 2 9 3 0 1 1 1 2 0~
2 10Mobile. A~a. 4C .3 2614 9 62110 03 3 49.~~"
:111Molena, 1tah 40 1 92541 39 2525 2936 IA 2223 >~
212 Montgorery, Ala-40 3 63212 5 8 3 0 1 0 3. 053. 1
233 Moorhead,Mnn 39 0 0 55 6 3 010 6 1 .2 0 0
12 34 t.7aimapais,C&I.17 15 6 17 2 2 0 0 0 0 1 6 8 57
235 M.t. ;e-eather, 7a. 9 1 1IL2 2 752132 2 3' 0 2
236 1:antucket. Mass. 40 0 .42 21u~' ' > <

39 It . .'..w

'S'



TAME III: (Contd)

ntation 'T..T-
!!0C saen Obs -_a_'e___Apay__JuLuepOt yDe

23 arrasettPier~ 14 S 16 26 26 2 1 3 0 6\~ 7.td'

2f0 new Orleans ta. 40 2 5 7214 7 1 5 1.1 1 1 247
2Al !!ew !or. 14.7. 40 1 1L 3 16 1.7 21 21 - 7 2 4 2 1 6
242 Vorfol~k. Va. 40 0 2 5 20 22 6 7 2 1- 1 0 0 46 4 A~

24 orhild t13 0 1 1 6 21 6 5 2 3 0 0 36
2 Norh a, 40 42 50 63 322 2 0 0 4 19 40 40322'.
245 Sorth Flatte,!Seb. 40 0 2 4 22 32 28 22 25 4 3 0 0X
246 Ckahma CiyCWcaAh 2 7 27 32 34 16 2 3 4 4 4 3 US
247 Omaha, Neb. 40 1 2 13 30 3034 13 9122 9 4 3 1"'k
241% sweito, N.T. 39 2 0 2 3 3 5 6 5n 251]A 07
249 Paestine, ex. 40 3 3 1019 23 3 0 2 2 1 1 2 59

25 Prkrs-rg 7- 0 2 5 2020 21L27 it 0 0 4 2 3 S2-
251 Pensacola Fa.40 1 6 7 20 5 2 3 0 0 0 1 3Mi
25 2 Peoria in. 38 0 2 13 2521 9 7 4 4 3 3 0
253 Ptiladelphia,Pa. 40 0 2 3 2 7 3 3 6 0 0 1 0 27 -X~.
25J.FPhoenix, Ariz. 40 3 22 511 9 46 1 31 4 7
25% Pierre. S. D. 26 0 0 1 1323V 62 0 4
256 qittsburgh, t.- 40 2 3 9 24 2212 94 16 1 1 27
257 Pocatello. Idaho 40 0 6-2036 42 25 25 18 15 7 2 4 20 *

259 Point Reyes 41t,23 It 13 12 -2 0 0 0 0 1 0 0 8 54
259 Port Anqees,ANash.2 1 0 8 51 )001 00 0 1
260 Port Arthur, &ex.26 1 33 9 51 00 00 012
261 Port rescenWash 12 0 1 1 1 1 0 0 0 0 1 2 1 8'.-.'W .>
262 Port %rn.Yjch. 29 1 34 76 5 453 4 0 042A.
263 Portland Pain 40 00 2 443 66 2 6 .033 W
264 Portlani. Ore. 40 7 35 40 32 23 7 0 0 312220 4153 *
265 Providence. R.I.39 00 2 36 39 3 30 0 031
266 %eblo, -oi. 39 0 0 1 16 23 37 24 9 42 0 0207
267 Raleigh, N.C. 40 0 4 3 7 13 1 6 4 0 0 2 3 43ZP
2f,1 apid ityi.S.D. 39 0 00 933 41 3? 16 6 30 0345
269 Readirg, Pa. 31 02 1 7133514 20 13 0 157
2'7-' Ud Muff Cal32 6 719 710 400 11 0 560
271 Red~ding, CAL 8 2 6 9 5 3 0 0 0 0 1 1 0 27r,

27 Rr, ly. 3 1 02 5 4 9 6 84 21 0 52~'
273 Richmoni, 7a. 40 2 1 721 8 7 4 1 0 2 0 1 4
274 ?ochester.4.. 40 00 23 97 4 3 9 4 0 1
275 R:sebaj. Ore. 40 6 4 1332 2 6 00 2 264 7

27Rs1,U. 39 1 2 621 2416 536&9 3 al
0277 Royal Center,Ind. 13 11IL7 n17 1 90 0 1 0 0 3 2- -

273 acrayrento. Ca. 40 79319202 00 00 11 35

KN
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No.~~~~~ ~~~~~~~~~~ Nam Ob.JnFb*a rZ u 1,l1g§ c ~v'e a

27 9 agnal. X-ch. 12 2 12 93 23 3 0 1 2 0

20 t Lu . 1.40 419 23! 2on'd 9 0 6 30I

281 SatJose :iNo. 4 1 2 179 21 26 26 5 16 U 1 5 1 1221 .. Z -

*2A4 Sa'nAntonmo, Tex.40 3 6 23 30 23 6 3 1 1 1 2 11W0
295 San Diego, .a. 1o io 9312 810 00 0 13 751
216 Sands Key, Fla. 16 0 0 0 0 0 0 0 0 1 a 0 0 .1
247 Sandis-. Chlo 1*0' 8 14 15 1323 9 2 4 0 0 f1
2ql Sandy Ho~k, N.j. 25 0 0 2 4 3 -2 1 2 0 ,0 .1 0 15
249 qan Francisco,Cal.40 3C 24 29 5 10 10 2 96 133.20
.290San lose,A..27 5 5'7 2 00 0 00 1 0 323

*291 San LuisCOvisj.23 6 5 10 0 0- 0 0 0 1 0 2 2 26 7.> '

292 Santa Fe. NJ.M. 38 2 1 13 19 46 2? 36 2.3 13 2? 3 1 211U
293 'ault 40 ~~. 0 0 *J4 3- 6- ? 5 7 733- 4 0 56
294~ 5"m-r.h 1Z 40 13 3 5 3 3 1 1- 0 0 33
295 Scrainton. FA. 40 3 0 6 622185 322 1 178
296 "leatle. ash. 40 4923 17I-31 1 37 0 9 9?
297 ^heridan. Wyo. 36 0 0 224 30 422141110 0 0 0123L
290 9hrevernrt, La. 40 76 9 13 211 1 223 457' At

299 Sioux %ity, Iowa 40 0 2 41827 2 9 2013 3 103W

301othatar~~, Sp5 1 0 0 0 2 OZokane, Wash.*0 1 226 25 42 24 47 69 221 0

303 Springf ie11d, Mo. 40 6 8 24 26 25 14 9 4 0 2 7 3128
304 Syracuse, N.Y. 40 C 1 1 0?.12 U133 5 10
305 acoma, Wash 362131122225 0 01 37 8 6
3o .6Tampa, F1a. 40 0 1 23 8 3 1 3 0 0 0 0 21
3077atoosh is..,ash. 40 19 23 27 23 12 0 2 0 1 1.6 35 233.1
100 Taylor, Texas 29 2 45316 143 12 20 1 151
309 Terre Faute. Ind. 31 0 218 1624120 8 41 12' 2 78
310 Thomasvile,is. 27 01 0 433 11 1 00 04
311 ?oledo, Ohio 40 0 1 51 1U11173 04 2 055
312 Tonopah. Nev. 17 0 1 11 70 2 2 20 0 016
313 Topekca, Kan. 40 2 1 17 26 21 23 12 9 33. 9 3 0336
314 Trenton, %6.J. 3D 0 1 5 5 911 8 6 1 3 0 0 49
315 Valentine, Neb. i40 2 2 3 9 25 3424 23 7 4 1 0.3 AM-.
316 Vickcsburg, Miss. 40 3 10 13 20 5 6 2 2 3 03 1 8 -

317 Wagonlonet1GaP- Col . 00 0 3 5 0 024

314 Walla *.alla, Wash.39 6 4 20 2D 12 5 2 1. 1 10 5 2 U88_
319 Washington, DC.4 0 0 2 410 12 20 73 12 1 052

* 2luai. 17 C' 1 03 91 4 3 0 1 033
121 Wchita. Kan. 40 2 617 31 4326 85 6 74358
1;22 Williston. N.D. 39 0 0 1 4 11 2D02515 5 2 0 0843

J.1



TAWS InI: Coned) L i
Station Yrs To-

WoNzsObs JanFab Mar Ap tJnA t a

323 V~ningtn. N.C. A I001 3 58 42 2 00 0025
324 Wjnnmeaca,Uv. 1,0 368123121612 52 36 3 082
325 Vttvi11e, Va. 37 11 610lo 5 I 3 2 00 043
326 Yakima Wish- 15 0 1 1 2 4 20 0 00 0 0 10
327 Tat*ton, S.D. 29 0 0 6U 20 12 nfn 3 21 0 17
324 Yeooutow .Par 35 0 01 6 2752 3935 18 3- 0 0181

329 UA. AriS.. WD 2230 0 00 10 011110

Nx- r

?W-4.
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0 1-4

(exltiingUntedStaes

1AR1 ^V:ArjrchayilthHal, 1ovm- Amer0ic00 0a 0' 0 0~

1,- Canadane On.-

10 Frtrossith,.W.T. 23 o 0 0 2JCL

10)1) (Tlic-'as, Mn. '3 0 0 0 0 0 0 * 0 0 0 0 0

137t 0ictoria,1B.C. T 0 0 2

IN atson keYukon 5 0 0 0 0 1 *0 0 0 0 0 0 1
10 .4i. 36 *0*0 E e SI 0 2

(~rt~s'.110 throajh 329 are in United States. See 7ANE Mf)

Mexico '"

ILI - 0's.Jani Feb P~r Aur May Jun Ju ugSpD* wDe

333 .,,adaajara, Jalisco 5 0 0 *0 1 1 1 4 0 0
31 Sonora 5 00 0 0 0 0 0 0 0 04
Jaap 0.rqj~j.1 5 * 1 0 0 0 0 002

33.1~!,Poja1 3' 0 0 0 0 0 000*
IV, -r,5janiluato 4 0 * 40011*4443

3" Fd~z.tlan, Sinaloa 4 0 * 0 0 0 0 0 0 0 0 0 0 * ~
36 msoOCity.aYex. 4 0 * '1 2 12 11'

71 0it#r-- 0uv- !Ro 2 0 0 0 0 0 0 1
?34 yro!aichoacan 5 0 11 4
319 Crixaca 4 0 1 0 1 *0 0 002
,40 :'clica de oto. 5 * 1 1 0 4 0 0

141 lerotaro, ert~ro 7 0 * ** * 444*4 2 --

:o: Ran: ro .1 to .4 is represented by ___________

Fanoe from .5 f-3 1.4 Is represented by 1
I a nge fro.m 1.5 to 2.4 is represented by 2, etc.

IS% P, 7 a

V ~



TMlE N: DV~ kaS with Hall, Wth Amerieca~y

MexiCo. (ftt I'd) ':I

'in. NIam Aj !~San Feb >ar IM Xay Jun Jul AM~ Sp Oct Xoo Bee tal

nl"alIia Cruz,Caxaca 3 0 * 0 0 i, 0 u0 0 0 1

341 Saltillo, Coahiula 5 2 2 3 J* 2 2 1 2 1 1 01
YA San Luis Potosi. &* 0 * 0~ 2 ~

San lids Fatc~st ~ 4-..:~~
34'5 nipico.Tamaulips 5 0 01 0 00 00 1 0 1 -0 1
346 Tuxtla QtIerrex. A 0 00 0O 0 00 0D 0O0*t..

4J7 Victoria de Dwize5 0 0 0 0 0 0 1 0 *0 01
Duraanip.~.

Greenltand

Station T"'.- ' .

wei. ?;RM& Obs.-Jan Feb Mar Amr b'~' Lu

.39Julanebwa 25 0 0 D0 0 0 04 * 0
3501Sadlit 10* * O 000 * **2
351 Sletten 5 0 4 ODD0 0 DO 0 11 01
352 17dPzrovn 5 1 1 1 1 1 120 0 012 1 10

% *

L-, nk -1



ti YeTrs. TO-77 4
NJ~ Na,. Obs. jan Feb M'ar A prU Jun Jul Aug 3ep Oct Nov Dec tal '-.:r.- Y
353 1sn 35 1 *'** 0 0 1 1 1 16 VA'-

354 3rgen 35 *1 * 1 4 1 1 5
355 Rod 29 0 0 0 *1 * 1 3 4

V~iarasJok 19 *0 * 1 ' 1 0 00 is
157 an~al 35 0 0 00 0 0 0 2
35p C510 30 0 1 0 2
3 rc!-s 29 '40 * *0 0 0 4 0 1
360 Tr-diheim 29 3 2 222 1 * 1 23

3f vri29 0 0 0 '' 0 * 1 0* 0 2

No. *a.-e Obs. an Feb Mar~ Apray jUnl Jul !au Sep De
ana5~ Novrs.t

362 3oteberg a 0 0 ***1 0 *4 40 * 2
363 KaLm~ar a 0 01 4 0 '0 4 2 ~
364 Stockholm 4 0 *0 1 *1 **1 0 0 3
365 tbea 8 00 00 1 10 0 000 2

No.1;L-e Obs. &-t Fb M ar Ar Mav Jun 4!ul !M Sep 2SI Nov Dec tal

366 open.hagen 40 *1 1 2 1 * * '*1 1 1 8
26'7 Oderse 53 1 1 2 1L * * 1 16 "IL
364 7estervig 40 1 1 11 1 *'4*12 2310

V-.Finland
Statlo~n Yr's. TO- AAl_

!o. Cbs. Jan Feb "ar Anr May Jun Jul Aur Ne ct!ov Dec tal -~

169 1elsin'*i 31 1 41 1 1 7
3'70 ,,ani2 0 0 0' 0

'Joto: range fro-, .1 to .4 Is representedi by*__

I~nge from .5 to 1.4 is represented by 1 m*
P,.nse from 1.5 to 2.4 is represented by 2, etc. I%4~4 %

%.

45
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UMN T.- Awrage Vays wfth Mail. Bmp.

NO. Na 0bs Jan Teb YAr &w u u Aj Sepct Nov Dect

3n Plme 0 D0 0 100 01110 0 3
372 JyvakYUa 31 15 2-'2A

37A~ricb IA * 0 000''376 YcrInp 312 1 e 1 e
375 Marjmnaaim 20 0 0 0 0 0 0 0 *17
377 Sodancyla 25 -0 4 1 *0 * 14

379 1""s 14 * 0 *0 11*43

'British isles T- ;
Wo. Nams Obe. Jan Fb ft JAn Ju in M ct A fv Dc tal

34D Irm1,bm 9 1 1 3 4 2 1 * * 1 1 26
381 AxIA 59 21 1111 ** 119
392 Cobionell iI 18 1 1* 0 *1 1129
343 Cambridp 16 * 1 1L 1 1 * 4 * 4 4 4 5
384 Cardiff isII
385 Douglas 59 3 3 3 221 * 2 3320
36 Thmwnf A3 1 1I I I * * 1.-1 7
3M? FAbnouth 59 3 3 2 1 2 1 2317
304 Glasgov 18 3 2 2 324 * 1 1217
3R9 Grea Tarmb 9 2 2 22 141 11212
3%) Liverpa 29 21 21 1 ****1 2 2 33
3% lndon 5 * I 1 1 1 * * * * * 6
392 Manhu4w * 2111 2 *0*0* *2*
393 xford 59 1 12 21 1 4 * 1111I1
39L ortlaniURl 1 111*2 * *.0*1126
395 St. Arm's %ad 59 221 11 0 00 * 1211
396ScillY 59 2 22 1w * 0 * 1 12 U
397 Shoeburynem 4 1 1 1 1 1 * 0 * 1 1 7
3" Sporn %ad 4 1 2 121'* '1 1 2 U
3" Tnemoftb 59 1 1 221 1 1 10
4W York 14 * 01 11 2' 0 5

AM A3 Cstl 59 123 3 20* 1 1 133

403 abrrltstl 4 1 2 2 23 1 21416

404 VRLen HA~d 5 44 321* 3 5 426

406 Roches.t 41 2 * 2 21* 0 0 * 118

1611 tonowayj 6 3 3 4 2 2 * 0 * 1 1 3 3 21
412 Iblyhead 6 3 2 3 2 1 0 0 2 2 3 3 2

pi4i
AA'

V* )



~.~1~,TABUE Y: Average Days with Hail, Europe (Cont'd)

BEWIUMH

No. 'lame Obs Jan Feb Mar yr May Jun ju Lu e Oct Nov Dec ta 1' ~

U3 Arlon 15 1 1 1 2 1 1 * * 1 * 1 9 ' ;L

41 stge 5*1 * * 1 1 * * 1. 1 6 ____

,415 Brussels 15 1 112 2 11* 11 1 11
416 Furnes 19 1 11-11 * * * 1 11 9
,417 seghem 18 1 1 2 2 1 * * I I 1 10
41l Lieqe 19 * 1 1 1 1 1 * 1 * 1 1 1 8
419 Mons 1 19 * 1 1 1 1 * 1117
4W2 Vamur 19 *1 1 1 * 1 1 41 4 1 1 0 * 6
VI lNeufchatean 6 1 *1 2 2 1 * 1 1 1 1 41 410 t

4V Ostende 15 11 11 1 * 0 12 1 211 ~
1.2 Spa 1

42419urnbo11119 * 1 17

3tatIon YrsTO
No. N~ame Ob. Jan Feb Mar Ap Ma Jun Jul A Sep Oct NvDcTo-

425 Algoual 14 0 4 0 41 1 11 4 41 4
426 Aix-en-trovence 14 41 ~ 1 * I1 0 * 4

1.27 Angoulem6 *6 1 1 2 1 * 04 * 1 1
4M2Artibes 6 *1 4 1 4 1 4 0 0 * 41 4 1 2
1.29 Apt 4 0 01 0 011 114o
43C Auch 4 1* 10 1410 040 041 *. 2l
431lAvignion -, *410 * 0 0 00 1A.V I
432 Beaucaii-e 10 *1~ ~ 0 0 4 41 ' 2
A33 Beaulieu 13 41 41 4 0 41 04 1 * 2

4 3 arritz 4 1 1 2 2 0 * 0 0 1 1 2 2 12
43 wet 1 1 1 0 0 0 0 0 4 11

436 Cap lear UAO0 10 0 0 10 0 1.
417 Cap Croistte 14 11440 * 0 10 0 1
430) Cape Ferrat 1441 40 0 0 0 1 4 1

* &3Capeeie144 I~ 0 010~ 1~
140 Cherbourg 15 22 22 10 * 2 3 1).
"I 'uevs 14 4 ' * 4 * 2
l.2 Dunkerque 14 1 1 3. 1 1 4 41 1 4 1 1 7 - ~
443fno du L~ant 5 * *112 0 0 0 0 0 1 112
41A &Roche Yon 14 * * 1 00 0 0 * * .41

.4 45 To avre 15 1 1 1 1 1 *1 4 1 4 1 1 1 A - *

WA 6Les Sables-Dolonne 14 1 1 1 2 * * 0 0 41~ 1 1 8
447 Ark louts 13 0 0 0 * * 1 1 4 1 0 0 0 3

,-; -- -, .7

II;;2



'TANZ-Vh Uer aDys with11 Wal. Sarep

Station Trs. To
NO. Name ~ Jan Fab Mar Ajp un Ai WIlf~ c ow Dee tal

14 Wontpeflisw 0. * f 1 * * 01 ~
9 t. entou 29 0 0 1 1 1 2

Th 450 Mulhouse 7 0 0 1I ta0

,451Nice 4 * t0 0 *f 2
A52 Oranxe 210w* 00 *0 a0 '0 1
.453 Perfignaa 2 4 f • * 0 0 0 2
454 Point&deGravee 3 1 1 1 * 0 0 0 *
455 fortiers 24 , 1 2 1 * * 0 * * * 5
456 Rhel1 7 0tf t* ~* *~ 2

* 157 Rochefort 15 1 1 1 2 1 * a0 * 1 1 Lf
.58 4St. nbcwLet 15 1 1 1 1 a * a a 1 1 6
459 Toulure 14 * 1 2 1 * , a . 1 1 1 9
460 fidw 33 * a f lif f a * a 404.

Station Ira. To-
•No. Na Ob. Jan Feb liar Apr aq An uLL 1ES §U Oct No Dec tal ..-

462 caagua 6 Dag* 0 0 o0 0 0
463 Conia 12 1 1 2 2 *00 00 *
4.64 Darnlus 12 0 *1 0**f 0 02 ***

o465 El Pasteral 12 0 * a 0 0 * . 2
466 rerv~na 12 0 0 * 0 0 a 00 a 00 2
467 madri 12 *0i 0 *oaf 0 4
46 %.tqcerda 2 0 00 1111 **05 o
469 Vilada 12 0 a * 1 a a a 0 a a * 0 3

Station Yrs. To-
No. Name CIbs. Jan Feb Par pr ha Jun Jul AM §!2 Oct Nov DNc tal

470Lisboa 30 0 0 0 0 * a 3
A 71 Oporto 15 1 1 1 f 1 0 0 0 0 0 a 1 5

;sores

Station Trs. To-

I~l'* . - - To- :'- l l

No. ?Xaie Obs. Jan Feb Mar Ap A- Jul Oct Nov Deeta
1.72 Not 26 a * 0 0 a 1 2
4"3 Ponta Delvak 30 112 0



L AL -AL

TIM-9 7: Aye-ag* Days wiith F.ail, Europa (Cont'd)

Statics Yrs. To-
ANo. rame Ohs. Jan Feb Mar Apr MaJun ul AU §U 2ct Nov Dec tal

4.74 ugsburg 10 0 00* 0 0 ' 00 00 1
475 (The) Brockes U.10* 0 1 1000 4
476Cologn. 10 * 0* 0 0 0 0 0 01
477 Danzig 7 2 21 11* 1 2 1 2 2 14
478 Ban*Ad Saal* 10 0 0* 0 0 0 1
479 Mmmd 13 1** * 0** 1 5
4.9D Munich 16 *0 0 * 1 ****02
J.81 snabruck 5 1 1 1 111 10* 108a
482 jUlhelmshavan 12 1 1 111 0 * 1 1 6

Czechoslovakia

Station Yrs. ~ . .. To-
11o. Name 2bs- Ja Fe &arAr Ma JuM Jul L&i jp Oct Noy Dec toa

13Donnersberg 20 0 00*1 11 0 * 0004
484 Kassa 7 00 0 01 * 0 0000 01

*485 Prape Unkwzn. 0 00 0 1 0 * 0 2

Poland *~*~ 7. ~

No. Name Obso Jan Feb M~ar Ap VyJun Jul Ax ep ct NovDeeotal

0~6 ogen 29 *0.

S57 Pinsk XUnkwrn. 00 001* 0 0 * 0*
*4e3 Warsaw Thikm. 0CO 3

489 vina Unk-.vn 0 00 0 1.1 0 * 0 0 0

Austria

Station Yrs. To-
No. Nmw Cbs. Jan Feb Mar Apr ft Jun Jul A 2M Oct Nov Dec tal

490 Innsbruck unk1-.000000001
401 aenaurt Lnkirn. 0 0 00111 *0003

49 obik Unu.00000 1 11 * 0 0 0 30

F 4

%
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TAKLE Ts *tvwae Bays it YoI Amrp (Co~tM)

Station rs.- cOb. Ja Fob Maw Rpt- t tal

493Du~iapL ft wf t Ju LAftf t~ 4
7-1 493 B1dapest 1 20• •11ftft •

494 Debrecen 3100 Ot 4 1 1tf tf 0 34.. 95 * 0 " 3 o
.. 496 Pecs 3 0 * 1 2 3 2

49 arfd1 0 0 * 1 1 0t ** alf 2

499 Turkey* 20 •0 * O 3

Station Yrs.l>-"

"o. Naeb. Jan Fab Ma 0 Ap ft 1 1 f ft t t 0 .500 Ar0000*ftrijeo 2D
502, Vlitst elds 270 0 0 0 ID •0 0 4 2

50 .0Nis 6 0 0 0 0 • • 0 0 0 0 0 3L

5C7 Bosanski Petrovat 20 0 0 0 0 0 0 0 0 4 0 0 0 •*
508 Prol0€ 2D 0 0 0 0 0 • 0 0 • 0 a 0 *

,50 Ranskiost 20 0 * 0 * • 0 0 01
510TitorUsic. 6 0 O - "4 0 0 0 0 0 1
511VaganalkVrh 17 0 .0 * * ftftf• • 0 L
512Zagreb 17 0 0 * *tf .l f e 0 * 2

Station Tra.

513 Bralla 20 * 0 0 0 0 *0 2
5 .u4Tchame.t 20 I .. * * *3
515 CIhrnot2 0 00002
516 Kiahinew 51 0f 0ttff 0tf *0 2
517 Cluj 2D 0 0 f- e 1 1 1 0 0 0 3
518 Constants 20 0 0 0 0 0 a 0 a0 0 0..
519 Craiova 20 0 0 0 1 ft * ft 0• 0 1

321 Sibiu 20 000 0t 0fO 0 Dl
'0 22 Sinai& 20 *t 0 0 ft1 1L 9tf 0 *t 0 2

523Timiaoara 20 0 ft11ftf••0 * 0 3

"-il "% % 'LL

SV .,

L' .- , . . . . . .. .. . -. , .-. .:...,. ;. :-. .. :-,-..,.,.,-. ,, . ," . .....



TA! :Average Dea with Han luro

station Ire. To-K
Lo. aMe Obe. Jlan Feb Mar AMf i -t§! c o o a

525 Basel. 2300't fl 1t 2 0002
525 asel 23 0f~f 0lff*f1 0* 0 3
526 Berm 23 0 0 0 * 1ft t f 0 f * 2 _ _ _ _ _ _ _

527 Coneva 233 D t * ft f f f 0 2 * ,t..*
528 Lgano 23 0 0 * f t t 1 ft t ft 0 0 2
529 Neuchatel 23 0 ft f t f t f t 0 0 2
530 Zurich 23 0 0 f ft t 1 ' t f 0 0 2

Dodecanese (Ae&,!!Se)

3t'~ ation Ire. To-
o.Name Obs. Jw Jm;1 Xr Aw MaOcaIMt Nov De - -

331 LeMMoS 4 1 1 1 0 1 0 0 0 0 0 * 1 5
532 Mytilene 4 1 * 0 0 *t 0 0 0 0 1 *t 1 3
33Phire 23 1 1lOOC00 aO 0 0* 14
5, Sa=c Unn, 23 1* 0 00 00 1 1 8

station Tns. TO- :'.,

No. Nam Obs. Jan Feb Mar Apr M J ul An e ~ Nov Dee tal

S 535 Bologna 5 0 0? 1 0 0 1 0 * t ft 3 0 3 - - -- ~' ' '

Y.536 Catanzar. 4 0'f 1 0 00 0 0 0 1 0 2
537 Cenoa 31 * 1 * 1 * 3
538 Iglisi .5 3 2 2 7 1 0 0 0 0 0 ft1 n1~ ~

~j 539 Jmessina 5 1 11 7. 0 00 00 01 1 6
540 Milan 31 0 0 f t1 1 1 1f 0 0 5 ~WX- -<

541 Naples 37 1 121 11 Of * 0 06
542 Palermo(SicilY) 31 2 1 1 . 0'f * t 11
543 POl Unkwn, 0t * jf ~ttt11
544 Rome 31 1 a ' . * t 6 T * 1
515Syracuse Urikvn. 1 t1 ' ft 0 * ft1f f 14

.~ 546 Trieste 31 * f
547 Trento 2 01 00 10 0 0120 1
548 Sassari Unkim. 1 1l f 1 0 f 15 ' ~

I 5 0 14



n.ME Y.- Average Days with MI.l Europe (C~m1'

A 3ulearla 4*?.7

Ittl_ m . TO-_ _-

N. 0. ?Na~e Obs. Jan Feb 1.2r Ar Ka Jun Jul &M 3e sa w Dec tal

549 Bourgas 39 * * ** ft 04 t 0 2
550 Gabrova 29 *t * 4 111 0 0 0 5
551 Kustendil 29 0 ** 0 & *ftt 0 0 0
552 FasardJik 29 0 0 * * 0 0*I 0 1
553 Philippopolis 1n 0 * 0 * 0f 0 D 0 0
554 Fleven 29 * 0 0 * 2.f * ft X £ 2
555 Schouneu 29 *tf * 1 0 ' 00 0 3
556 Sliven 29 0 * I I1 '~ I'
557 Sofia 34 ' t1 2 2 1 *t * ft 0 *
55e Tschapelare 18 0 0 *1 1 1 1 * *t 0 0 * 1
559 Varna 10 0 D f k -t0 AD * - 0 0 0 2
560OVidin 0~ 0f 00 1 4 1 0 0 0 &2
Sc6llrchetz 17 0 0 0f 4 f '' 0 2

'Ieece

Station TI.

!.o. ..Are Obs. Jan Feb M~ar Ap a junjuju -~E. Oct Ikv :ec tal~ ~
*562 Arrostell, X 1 21 1 * t4 *-'1I

563 Art~a 26 1 1 1 1 * 0 1 5 ~
564 Did%-rotichon 4, * * * I * 1 '0 ft 0 0 f

565 Ezion 18 * *t *t *t '0JO0 0 .0
566 Gythion 11 *t *t * * f 0 0 0 0 0 -4 .

56 ala15 *'1 -1 1 1 'a'*ftt
569 Kavalla A 0 0 0' 14
569 Larissa 26 ****0 0 0 0 2 U '
5"0. .issolonnhi 26 11 1 1' 0 -0 * 215
571 Serral 12 0 00 01 'f*t 0' f 2
4 72 ?rikala 26 0 0 0* * 0 0 1

4

52~

'Ir

4IN,

% %



TRE.M VI: Avera.e Days With Pfail, Asi - -:

(including U....In Emwpe) - ~ .*~ (/(~~

5t.ain _rs TO-__

574 Adania 18 t1

575 Xfvon Karahisar 16 0 0 * t40 0 0 0 0 0 1 1
976Aar 9 * 1 1 2o * * 6
577 361u 6 0 ** 1 2 1 ft *tft 0 6 ~ ~

*578 3ursa 8 0 0 ' 0 *00 00 00 1
579 Corum 7 0 1 * 1I1 O0 0 0 0 0 4___
540 iarbekr 6 00 4 1 1 0t *0 1 00 4

582 Edirne 8 0 *6 0 0~ 00 1
583 Eskisehir 6 *0 * 2 2 00 0 0 0 4 .

584 Giresun a tf t0 0 0 0 *0 * 2
585 Goztepe 9 0 0 * * 0 0- * 0 00* 90 1
546Kars 6 00 4*2 2 *I* 40 0 7
547 Kayseri 4 0 0 0 * 0 0 0 0 0 f

508 Kepsut 6 0 * 0000 ft 0 00 2
*509 'Confa 8 0 0 01 1 00 * 0 003
*590OKntahya A 0*00.1 11 0 0 * * 00 4

591 Malotya 6 00 0*f I 1100 00 0 02
592 Sivas 6 0*001 1 ft 0t Df 0 3
593 arsus 2 01 10 0 0 0 00 0 013

*591 Urfa 5 * 100 * ft 0 3
595 Zonguldak - 1 0 0 0 a 0 0 0 0 0 ft'

596 Smyrna 4 0 0f 0 00000 0 1
597 Teabzon 5 0 0 00 0 0 0 0 0 D 0 0

Station !rs. To-
N- .eCbs. Jan Feb ,kar Apr fla Jun Jul Lu Se O'ct Nov Dee tal

59Hetieh~n 1041 1 00 0 0 0 0 D 0 s

Israel

No. Name Obs. Jan Feb Mar Apr May JLun Jul~u ]2 R! Nov Pe ta

599 j~zrsalen 10 0 1 0 0 0 0 00 14

W"'7S: Range f rai .1 to .1, is represented by f

%angV. frca .5 to 1.4 is revresented by I
UInge f ran 1. 5 to 2.4 is represented by 2, ae. - -

53 .- ~ 1

%~'



TAME VI': Average Day. vitb mlan1 osa *ea4
~di~U. S. S. it. (Dimot,)

NO. Name Obe * Jan Feb Mr~...Jm ~ .qOt h-- E &T Jl f ___ Oc NW6 00 Astrakan 15 04. *4 0 **0 0
601lKazan 12 0 00 * 40 1o.~ *603 Leningrad 12 0 0 0 *141140 a604 Moscow 12 O0 00 * 4 40 0 0605 Odessa 12 0 0 00* 1 0 * 0 0.66Sevastopol 14 0 00 4 104*10 * 0 41 $0607 Stavropol 12 41 0 *1 1 1 1 41 *1 * 0 0 0 1608 Tiflis 17 0 0 0.11 * 000a609 Kirov a 0

* Station Yrs.
o- Name Obs. Jan Feb -mar AP & Jun Jul AM 3 c o e

610 B1agcVe3hchensk 6 0 0 0 0 41 41 & * 0 0 03 1611 Blagoveshchensk-.
Prijic 14 00 00.* * *.oo6 12 Porzia 19 0 *11141*.. 041O 

-- A613 Chita 14 0 0 00 *I**1 10 0 -0614 Ekaterino-
Vikolsko. Unkn. 0 0 0 0 0 *1 4 1 4 0 ID 0 1615 rkutsk Unkn. 0 0 0 *113 1 1 * 00@7616 Krasnoyargk 26 000040 o 4o o o 0 1617 Magdagachi 6 oo 00 c ~ 0. , to*o*W618 Nerchinsc 1s80 00 0000o*10 0 0619 Nikolayevsk- 

%na-Acnu. Unkn. 0 00 0 0 * * 00 0 .620 Nikolsk Ous-
soiriiskii Unkn!. 0 0 0 ' 4 41 0 0 1621 Nzhreudizk - 9 0 0 0 00 i D0 0 0 01622 Okhotsk 29 0 00 0 000 0*.* 0 041623 -,a ? 0 000 000 0 10 0 01624 Oust-Kamtchatak 5 0 0 0 0 0 0 0 0 *1 0 a 0 4*625 Peachanain%
Bukhta Unkn. 0 0 0 0 1 1 1 41 0 0 0 0 3626 Petroyskil ZavodUnkon. 0 0 0 0 41* 4 1* 0 0 0 1 ~6 27 Porauca 6 0 0 0 0 0 o1 4 1 1 4 0 1628'Ruichlova 5 0 0 0 0 0 1 1 0 00 0 0 20 629 Rykcovakoe 29 0 0 0 41 a1 41 4 0 0

.............................................%

-dam"~



TAMS~~~~.- TI vrpDp;t Rn'A&(otd

JAPAN '**4**

'so. Name Obs. Jan Fe-b marAm t h-Jl m__2Oc "N

632 Abasirl 14 0 0 0 0 * 0 0 0 1
633 U'cta 17 0 * 0 S 0 0 0 0 1* 1 * 1
6'1 'dt 13 2 12 A .1 * * 0* 3
635 la 13 0 0000 000*4 * *
636 iinomuld 13 000 0 0000 0 *0 1
637 Lzl3ki=~n 23 0 0 0 0 0 0 0 0 0 0 2
634 Kagosia 2-3 * 0 0 0010 00 *0 1
1639 Koh 23 0 0 f** 00 0 0 001
640 Kumamoto 23 00 u 4 0 0 00 0C00 0
641 Kure 23 0 0 * 0 0 0 0 0 0 0* * 

42 Kyoto 23 0 ' * 0 0 0 0 * 0* L -

61.3 Maoka 21 0 000 00W0 01 *0 2 ~
61A 11Iyazu 23 0 0ID0.0 0 0 *001
645 NOaan 23 0 0 0 * . 0 0 0 0 1
61.6 Xagasaki 23 * 0 D0 0 0 0 0 1
647 4agoya 23 0 00 *00 000 0 00 0

60 aze22 0*00 00 0 00 *0 0
649Nezmiro -3 *0 00000 00 0 * 1
650 Nigata. 23 * 0 * 0 0 0 *
651 Onahama 19 * 0 0 0 0 0 0 0 0 0 4 1
652 Osaka 23 * * * 00 0 0 00 0*&1
653 Siakai 23 *0* 0*00 0 00 0 0 01
1654 Sapporo 23 00 4 10*1 2 11 0 7
655 Shik~ik 21 0 0 0~ 0 D 0 0 0 1_______
656 Sutts 5 0 00 00 0 00 0 0 *
657 !yaw- 5 0 0 000 0 0000 ** 00

64Tko23 00 0 0 0 0 0 001 2
659 Jrakawa 6 0 01 10 00 0 00 01 3
660 Yokohama 23 0 04 0 % **-

.4*Itatloq Yrg. TO.-

~66 Arista 0 1 0 0 0 0 1 2 0 0 0 5

- 5- .

g.g-.



•..TABLE Vr: Average Days with Hail,, Asia coal ) '2' "

CHIN

St- ati.o 'Yrs'.

No. %Iame Obs. Jan Feb Mar Ap ,I Ju Jul u e Oct Xo -Dec tal ...- 0

664 Tsingtao U1 0 * 0 * * * 0 0 *0 0 0 2 ' >'
665 Toanan 3 0 0 0 0 0 1 0 0' 0 0 D 0 .21

Statio n rs. . "
'No. Nam, Ob,. Jan Feb Mar A ayi Jun Jul Aus i Oct Nov Dec tI,

666 Anida 7 () 0 * )* 0 0 :L ;.-'['-.-.::!667 Changchun 10 0 0 0 * 1 1 a 0 1 1 0 0 #
662 Cjalanjtun 20 0 0 0 0 0 - 2
669 Daien 10 0 00 0 * 0 0 0 * 1 0 0 1
670 ailar 7 0 0 0 O * * 1 ** 0 0 0 2
67] mJanjpo 20 0 0 0 1 0 * 0 0 1 -

672 .Manchoult 9 0 0 0 0 0 * * 1 ' 0 0 0 2 . .- "'
'73 Mientuho •.9 0 0 0 0 1 2 * * 1 0 0 q%,"V '.#67A Pokotu 9 0 0 0 0 * * 1 0 * 0 2675 Tapirgling 15 0 0 00 * 1 0 00 2

676 Yenki 7 0 0 0 0 1 0 * 0 00 ...

KOREA""... .. ' "".' :

Sttion Yrs. To- ", -i.
Name Oh,. Jan Feb Mar Ap Pr Ma Jn Jul Au 2!1 2A_ N ov DecS tal __

677 G ran 1 20 0 0*1 * 0 0 0 * 0 0 1
672Y.aizo 0 9 00 * * 1 * 01 002" 3.'

679Humo 15 0000 0 * 0 0 0 1

680OMoppo 15; 0 * *** 0 **1*3 , ,'.641 kt.u 9 0 0 0 0 * 0 0 0 0* "

692 sozan 5 0 0 0 *0 * 0 0 * 1 0 0 2 -,
63 Talk-i"u 15 0 00 * * 0 0 * 0 0 2 1

65 Yukil 15 0 0 0 0 0 4 0 2
686 Zinsen 15 0 0 *0 0 *
6R7 Zysan 5 0 0 0 0 4 0 0 0 1

6.5Yki 1 0- 0 *4 -* .. * 0

-4 -

4 - Ant

.. 0 - " "
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TAvLE 711:. Averaime Days with Hail, South America, -~*-

Africa.,utai

Svit ion T.To-
so. Nam Ow,. Jan Feb Ka J- -a un Jl 1 2MOtt R~oy Dec tal

60 oentubw 12 0 0 0 0 0 1 1 * 0 3
691 Curico 12 * 00 00 0O* 0 0 * 0 1
692 De Canquenes 9 0 '0 0 0 0 0 0 0 0 0 0 0 *

* 693 El Teniente 12 * 0 0 0 * 0 0 W***1-

191~~u~ 2 * * 111 2 2 1 2121
* 695 Isla Juan

7ernandez 12 0 0 0 0 0 * 40 0 0 0 1
696Isa Mocha E. 12 -a 0 0 C 0 0 00 00 1
697 131a Santa Maria 8 0 0 0 0 0 *'0 0 * 0 0 *

,S99 La rena 12 0 0 0 0 0 00*'*0 * 04

7W 7Leba 2 0 000 00 10 2 100 4

'70Ltinares 4 40 00 00 0 * 0~ 0 1
*'702Potrerillos 12 0 0 10 1* 1 ' 0 4

703 Puerto Mont 12 *0 1 1 111' 6
704 Santialp 29 0 00 0 * 94 4 1_ _ _ _ _

'705Talca 12 0 0 0 00 0 16
* 706 aldivia 1n D * *1 2 21 11 7

L. JGUAY (South Aerica)

* !tation Tms. To- \
No.~ . Obs. Jani Feb Par Atir P1a-v Jum Jul tuot Sep~ Oct reov Dec tal

No. Kanme Obs. Jan Feb Yar rr rhy Jun Jul A Sp Oc Nlow Dec tal

South leargia 10 2 3 2 3 4 2 1 1 2 1 2 2 25 *.

FalklandIsl. 20 2 2 2 4 3 2 2 2 2 3 4 3 31

~Orz Ranre Trma .1 to .4 is represented by* ________

Fane'e trait .5 to 1.A Is represented by 1
%Ian.e from 1.5 to 2.4 In represented by 2, etc.

IA-



{~~5: ~ L
TABLE VII: Average Days with Hail, South America, &A

-Africa, Australia (Cont'J)

ARGEN'TINA (South America) AG-

Station Yrs. TO-
NO. Name Obs. Jan Feb Mar Ap ft Jun Jul Aum Sep Oc ity- Dc t!-a'

710OBuenos Aires 19 * 0 1 0 1 ** ** 11*.
711lCol DoeChubut 20 * * 1 1 1 11* 0 04
712 Cordoba 29 * * *** 1 1 0
713 Mendoza 27 1 * * 0 0* 03

714 Tucuman 21 *** 00 0 * 0 * 01

BOLIVIA (South America)

Station Tre. To-
No. Name Obs. Jan Feb Mar Apr MyJun Jul Augt Sev Oct Nov Dec tal

715Las 30 1 1 1 1 0 1 11
716 Potosi 5 2 1 1 0 A 0 0 0 1
717 Puerta &!arez 5 0 0 0 0 0 0 0 0 * 0 00
718 Sucre 30 1 * 1 1 00* 1 1 1 1 7
719 Tupiza . 5 11*0 0000 0 00 *1 3
720OGruro 5 1 1 * 1 * 2 *02 8
721 Corocoro 5 12 1 1 *00 1 11 3f n.
722 Patacamays, 5 1 1 1 1 * 0* 1 * I 1 1 1 9 ..-

BRAZIL. (South America)- ... *

Station Yrs. TO-
No. Name Obs. Jan Feb Mar Avr Ma Jun Jul A Se Oct Nov Dec tal

723 Rtatiosa 6 1 1 1 0 0 0 0 1 1 1 1 1 8
724 Maristella 6 0 0 0 0.0 0 0 0 0 0 1 0 1
725 Nova Friburso 9 0 000 000 0 000 0 * V'S~
726 Porto Alegre 9 00 00 30 00 0 00 0 3 *Cr
727 Pyrenopolia 6 0 0 00 00 00 01 00 1
728 Uraquayana 8 0 00 00 10 0 1 00D0 2

Station Yre. TO-'-W '
No. _am* Obs. Jan Feb Mar Ap Ma Jun Jul AuR Sep Oct Rov Dec tel K> .*

729 Casablanca 6 0 1 0' 0 0 0 0 0 0 0 0 2
730 arrakechn 6 0 01 0o o0000000o177777
731 Tangier 100 1 1 1 0 0 0 0 1 1 6

5d

'A.,.



-~~ ~ -1 .- -.~~ ~ -

'TANZ VIT: Avenage Days itho Wa. South America.

Africa. Australia (Cm*$,#) ~-

FRECN *d= AMRC* J*A-*

Station Tmo TO-
No. Name Obs. JnFebMa M Ja Jul ASt §U Oct No k-

732 lays -50 0 00 00 000 0 00 0
733 Port Etl-"o 6 0 0 D 00D00 0D.*0D 0*
7% Ialcar 6 0 0 0 0 0 0 0 0 0 0 0 0 01
7357..iuder 6 0 0OD D02 1 0 0 000 3

IVORY COAST (Afrisa)

____ Jan Feb ___p f eMAMSpOt o e tal

,36 Bobo Dioulasse 6 00 DO0 0 0 Q 0 0 00 0 0 -

GOLD COAST (Africa)

station ire. J9 -

?Jo. Maes Obs. Ja e a ,- 1 ulAxk c a ~ a

737 Accra -15 0 0 0 0 D 0. 0 0 D 0 0 0 0

KEvNTA (Arica

'Station ~ Yrs. To- 9A
No. Nae Obs. Jan Teb Mar Ap Ma Jan Jul Am§ 2 ct %V Dec ta1

73 ldsa& dvn 4' 0000 0 1 12 000 Ii

HOU10'3IM'J (Fortuese Fast Africa)

*No. !hNu Ct. Jan Feb Ma RM !!lmJl- p c o e

739 1DUranco "Jim e29 0 4 0 0 040 0 0

P--=-CH I fl (Africa)

Station Its. :}-% : :
No. Name Ms. Jan Tab Mar Av Ma Jun JtL ul Se Oc lbw Dec tal -

74 ConabIy 6 0 0 0 0 0 0 0 0 0 0 0 0 0 .~ *

* ~ ? Malu 0 00 0 0 0 00 0 0 0' .s.~



TAKE 711. Average Days with Mil, 7,outh America'
* - - r~ic ! -,. ustralia (Cont'd)

-i. Fm eb K-tr Amr Mar Jur, j2-. Au' Sec ,ct lav Dec tal

743 Crist urch 0 00 0 12
744 D 0 0 0 0 0 0 1

-:4eow Syne 4otl

753 Roebourue
754~ Cmslov
755 Ceduna1

- - ~ %

2.0



-%a-ternaster . esea.c ELnex _~er
Na.Ic. Yassacetsetts

31 Yae 15

_ecna r __ao ~. .. ~:he 3. Thi.,

Charg iastword o sta-io*-

PCsaibe at g to ot stationa nr l-cs.jvvr

* t:.e see~ of an~ airc-raft i= J~ is -n ir~por+a.- aditional
factor in deterndi-ng ,egree of damage to t-east f. o

30 Figt re 1*- cazticn, ctange dat*,e to 26 luly 15_3f

Fo r T'ai.o.3. ~e otal, cikazwe o 2

For Sat'or z. 36*'i, under "ota, chacre 16 w N N

Z6 For Stati. :;) . 37, lmde?. Tzvta2, char.fe 2 i

?~r Stat:-n r:,. , char-e : ored
20 0 0 'C

r'Je

.5 For Statgicn N. 637, -- ip e fta-ge I -I-*

For Ablee A.'ner k:i, c!-ange 0 to 9 :::.~
F- or Poc tell.), i.-.17, under Z i. J 1 1 Aug. ca-e tx 1 2 IDS S

%

%

* v



TABLE VIII-- Total Days with Hail at 25 United States Stations. 1"g9
,- -(Stations with 125 Days of Hai in 40 Years) jI"

ABILLVE. T-7JS

-. NARS Jan. Feb var Apr Mkay Jun Jul Aug Sep Oct Nov Dec ANMtAL

1949 00 1 11 0 000 00 03

1944 0 0 0 02 0 0 0 0 0 00 2
1947 0 0 0 1 1 1 0 0 0 1 0 2 ,

1946 0 1 1 2 2 0 00 C 0 0 0 6
1945 0 0 3 1 2 2 0 0 0 0 2 D JD
194-. 0 0 0 2 2 0 0 0 0 0 0 0 --

1943 0 0 1 1 0 0 0 0 0 0 02 "

1942 0 002 10 00 0 10 0 it
1941 0 0 0 1 0 1 1 1 0 0 1 5

1940 0 0 i 1 0 0 0 0 0 0 00 2
Swas 01711 4110222 3

WEARS Jan Feb Mar Apr MaZ Jun Jul Aug -ep Oct Nov Dec AIURJAL

1949 0 00000000110 2
1948 0 01211000100 6
1947 011 0 3 0 0 00,
1946 2 0 0 0 110 6
1945 0 0 0 0 3 0 0 0 0 1 0 4
1044 0 0 1 0 0 1 0 0 0 10 3
1943 0 0 0 0 0 1- 0 0 1 0 0 2
1942 0 1 0 0 1 1 0 0 0 0 10 0 1"
1941 00 0 0 0 0 0 0 000 0
1940 00 20 0 00 0 0 0 1 0

YEARIS Jan Feb v-r Anr May J-.n Jul Aug Sep Oct Nov Dec ANNAL

1949 0 00 04 33 30 0 10 11.
194q 0 0 00-4 5 5 10 100 16
1947 0010 3 2 1 200 0 0 9
1946 0 00 02 12 20 0 00
1945 0 00 0 2 5210 0 00 10
1944 0 00 0 25 201 0 00 10

*1943 0 00 20 72 00 0 00 n1
194.2 0 0 010 73 21 1 00 15
1941 00022251 0 0 00 12
1940 0
Sums 00 72039 2;17 3221 1 2.
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TAELE mi (contd) - ,

CONCORDIA, KANSAS"""

-4 ! Jan Fpb MYar Apr May Jul Auw Sep OClt , ov Dec AI UAL

TW 0 0 00 1 2 0 0 00 0 n 3
0 0 0 0 0 0 1 0 1 0 0 0 2

1w 0 0 0 1 0 1 0 0 0 0 0 0 2
0 0 0 0 1 0 0 0 -0 1 0 0 2

19m 0 0 0 1 .4 2 0 2 1 0 1 0 11
IM 0 0 1 2 1 1 2 0 0 0 1 0 a
90 0 0 0 1 1 2 0 0 0 0 0 0 /

1w 00 1 0 4 2 0 0 00 0 0
m 0 1 0 0 2 0 1 0 0 2 01 6

1w 0' 0 2 0 0 0 0 0 0 1 0 0
~ I ~ 5232249

DALLAS, TEXAS

mm Jan Feb Mar Apr May Jun Jul Aue, Zep Oct Nov Dec ANNUAL

1WM 0 01 1 100 00 0 003
-. 10 0 1 0 3 0 0 0 0 0 0 0 4
lw 0 0 0 2 0 0 0 0 0 0 0 0 2

IVA 01 12 30 00 00 0 0 7
1%5t 0 2 1 2 0 0 0 0 0 0 00 5

i~m 0 0 1 0 0 0 0 0 0 0 0 01
l _ 0 01 0 0. 0 0 1

01 0 0001 10 0 00 00 2
lm 0 00 00 00 11 0 00 2

0-0200 010-00

DW-MJ., COLORD

ism Jan Feb Mar Aor May Jun Jul Aug Sep Oct Nlov Dec AIMUL

1W 0 0 0 1 1 1 1 0 0 0 0
190 00 0 00 11 1 000 03
1w 0 0 0 2 1 0 0 0 1 0 0 0 5
"%0 0 1 0 0 1 0 o 0 0 1 0 0 2lw, 0 0 0 1 3 4, 0 0 0 0 0 0 a '- .
1W 0 0 0 0 0 2 2 2 0 0 1 0 7
1W 0 0 0 1 2 1 0 1 0 0 0 0
1w 0 0 0 1 0 1 1 0 0 1 0 0 4

W 0 000 .... 20 1020000 0 0 i 82 0 2 0

62

*' ' % -. - .. ..,. . ... --.. .... . .-...' ." " . . ." ...

"V" . . " " . . " . " ' .. . 'P ;: ''':

,''"". '"" .' -. '- ' '. ," '- . .L . '' .e ' ,. ' '." ." ,' " , "" :e ,; - - .,..". .. ...... .. ..



-- ~ ~ I -' ..

*4 ~~~TAM. VIII (conttd) - '~~~

- DE.' N"INES, IOWA - ~ ~

YEARS Jan Feo Mar Apr MUa Jur~ Jul Aur :,ei Oct low Dec ANNUAL

1949 0 0 1 0 0 1 0 1 0 0 J. 0
1948 0 00 00 11 0 0 0 0 0 2 ~
1947 0 0 0 2 1 2 0 0 0 0 00 5*
1 946 10 00 0 10 002 00 .4
1945 0 0 20 11 1 10 010 7
1944. 0 01 15 0 010 00 0a
1943 002 1 00 0 00 0DOD 3
1942 0 0 1 0 02 00 0 100 J&
1941 0 0 0 0 0 2 1 1 1 0 0 05
1940 0 0 02 0 O 0 0 0 0 0 0 0 -. ,

YEARS Jan Feb Mar Apr' May Jan Jul AuR Sep Oct ?Wov Dec ANN=A

1949 0 1 0 1 4 1 00 0 1 0 0 B
1944 0 00 12 00 0 00 00 3
1947 0 00 12 20 00 0 00 5
1946 00 1 10 10. 0 00 00 3-E
1945 0 01 2 10 10 10 00 16
1944 1 01 22 11 1 00 00 19
1943 0 10 20 10 00D1 DO 0 t ::5':;-
194? 00 1 21 20 0 00 10 17tN' *.

1941 0 00 20 10 00 0 00 3 ,

1940 0 012 02 2 00 0060 Z______
Sums i2516 1fl f 1

EUREKA. CALIFORNA

- YEARS Jan~ Feb M~ar Apr H ay Jun Jul _AuM Sep Oct 1qov 'Dec ANNAL

1949 0 0 00 00 00 0 01 .2 ""

1948 1 11 21 00 0 0 000 6
1947 2 0 0 1 0 0 0 0 0 0 0 1 .4
1946 2 2 2 0 0 0 0 0 0 0 1 0 7 '

1945 0 1 2 1 0 0 0 0 0 0 0 1 5 s .. c .~

1944 0 02 40 0 000 1 01 s . ,. ~ '~

1943 1 2 1 0 0 0 0 0 0 1 D 0
1942 0 0 1 0 0 0 0 0 0 0 1 2 A. '

1941 0 0 101 00 00 0 11 4 S
1940 1 22 00 00 0 0 00 0
Sums 5018 OO O 3

634
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?AT A VIII (contd) '

M-MA MONAJ

MR- *S h Tlb!. Apr- Yay Jun Jul Aug Sep Oct lov Dec ANA.

19,9 0 0 0 1 0 0 0 0 0 00 1
19q 0 0 001310000 5 ,-0-1-.-
19167 0 2 0 2 1 3 0 1 0 0 0 9
1%6 0 0 0 0 1 2 2 0 0 0 0 0 5
1945 DO0 a & 1 0 0 0 0 0 0 6
19" 0 0 0 1 0 0 2 2 0 0 0 0 5
1%3 o 0 0 1 1 0 0 0 0 0 0 2
19/,2 0 3 00 0 2 1 1 0 1 0 0 5

M, 1 0 0 2 2 3 0 0 0 0 0 7
19•10 0 0 0 1 2 0 2 0 0 0 0 0

Sis O213 1701 4 50

KANSAS CITY, H.ISS,,,,

Y- E,,A Jan F~r Apr ay Jun Jul Auk Sep Oct Nov Dec M/AL

199 100 2 2 0 0 0 0 0 1 0 6
1948 030 a1 0 010 0 11 1 5
1947 10 a0 000 0 00 00 1
1946 IIT 9 1 0 1 0 0 U 1 0 -

1945 0911 1 2 0 0 0 0 1 0 6

19; " ° °" 1o 5 1° o 0 0 0o

192- 0 01 0 1 00 00 0 00 2
1941 -110a10 00 00 1 00 4
19110 0 01 02 00 10 0 0 0

L11CttN. NEBRASKA .

%MRS . Jan FebAtvr May Jun Jil Aug Sep Cct Nov Dec A!..AL.j

19- 0 o 0 o 1 1 0 0 0 0 0 2
1944 0 0 a 0 0 0 0 0 1 0 1 0 2
1917 0 0 a 1 1 1 1 0 0 0 0 0 4
19.6 DuO I 00 00 00 100 0
1945 0060 03 10 22 000 0
191A 0 02 20 1 000 0 00 6
1943 0 06001 10 02 0 00 46
1942 0 1O 2 0 10000 5 0 5
191, 0 0 1 000 0 000 1 T.:.
1940 0 0 0 0 1 0 0 0 000 1
190 -0 1 ] 0 0 0 0 0 0 -.: ": 9/, 0 • 0 1 0 2 i 0 0 0 8 \." , .. ,*

191, O t 0 0 0 0 0 06 " " " " 
' ' . '*-

' .11.1%3o o • o 'z o a o - -**. ;,'"'



t Li

A . 7.

YEARIS Jan Feb Mr Apr M~ay Jun Jul Auki Sepi Oct Nov Dec A1r~uf

1949 4 0 40 10 00 0 2 7 19 -

1947 6 6 A 2 0 0 0 1 l1 1 9 51 i--,

1947 7 0 12 0 0 0 0 01 2 k 17
1946 6 4 5 3 0 0 0 0 -0 1 1 3 - 23
1945 1 55 20 00 00 0 83 24.
1944 2 2 6 3 0 0 0 0 1 0 2 1 17 :;
1943 4 3 3 22 00 0 0500 19

*1942 0 2 7 2 0 0 0 0 0 1 4 6 22 4
4'1941 2 12 1 21 00 0 11 5 16 f

194.0 ~ 2 2 0 2 .2 p 0 2 2 2 16 ~
Sums 3626.-4225 7 1 0 0 .2 14 31 40C1

N ~n PLT-T NEMASKA

TEARS Jan Feb Mar Apr YMa Jun Jul Aug Sep Oct llov 'Dec A iliL

*1949 0 0 0 0 1 1 0 0 0 0 0 0 2
1948 0 0 0 0 1 0 2 1 0 0 0 0 4 %---~ .\C''\

1947 000 1 00 0 0 0 0 00 1 As6
1946 0 01 01 00 0 0 121 16
1943 0 0 0 1 2 1 1 0 1 0 0 0 6
1944 0 .0 00 0 10 00 000 1.
1943 0 0 0 0 2 *2 0 0 0 0 0 0 4 -

1942 0 0 0 1 2 1 0 2 Q 0 .0 0 6
1941 0 0 0 1 1 1 1 0 0 0 0 0
1940 0 0 0 0 000 1 0100 2
Sums 0 1 1072 1~

v AS Jan Feb Mar Apr May Jun Jul Aug Sep Oct ftv Dec ANWdA .- ~

1949 0 0 112 0 000 0 00 4 "S

1948 00 1 01 0 000 0 00 2
1947 0 00 31 0 000 0 00 is
1946 0 0 10 1 0-0 10 0 00 3
1945 02 1 2 110 00 0 00 10.

r1944 1 01 310 C0 0 0 00 6
1943 0 0 0 0 1. 1 0 0 1 0 .0 0 6
1942 0 0 01 010 00 0 00 2 0 6
1941 0 00 10 00 00 0 00 1..
194 0 0 0 1 2 0 0 0 0 0 0 0 1.>~

r .7 31 ly41

h ,

65*'... -



zilz vii 40,d) - :-.-:?:>-

-Iml ~eb frAr- a JnJu AM Sep OctNov ec ANNA

1949 1 01 002 0 0 00 00 & ',--K---.

-1947 0 2 0 1 0 1 1 0 0 0 1 0- 4
INA~ 0 0 00 100 0 0 000 1
191.5 0 0 0 1 3 0 2- 0 0 0 0 Q 6
194A 0 1 0 0 1 1 0 a 0 0 0 0 3
1943 0 0 0 0 2 0 1 0 0 0 0 0 3
1942 0 0 20 12 2 00 1 00 a
1911 0 00 0 01 100 0 00 2
1940 0 01 01 1 0020 00 0
sm 14 98 01 1 35 i

POCATLIO. IMITO

TEARS Jar Fob Mar Apr May Jun Jul Aug Sep Oct Nov Doe AMOIAL - -

1949 00 0 10 0 0 o6 L

190 0 00 00 0 12 0 0, 00 3
1946 0 0 1 10D000 00 00 2-
194.5 0 00 0 200 0 0 000 2
19". 0 01 10 21 0 00 00 5
1943 0 01 11 30120 0 00 7
1942 0 0 0 0 2 0 0 1 0 0 0 .0 3
1941 0 00 01 0 200 00 03
1940 0 0 1 0 0 0 0 0 0 2
Sums 6 1 ~ 1 5 2 0 38e

panutND, OBFIU

YARS Jan Feb Mar kpr fat JIM Jul AM~ Sep2 Oct 101 v c LWJPAL

*-1949 01 01 0 00 00 0 00 2
1944 1 0 22 000 00 0 00 5

2194*7 0 02 10 00 0 00 00 3
1946 00 0 000 0 00 CO0O 0
191.5 0 0 300 00 0 00 0 0
19". 0 0 2200 0 00 0 00 4 /
1943 0 DO0 00 0 000 0 00 0
1942 02 3 10 00 00 0 00 7
1941 00 0 11 00 00 0 00 2

RR S0m 110 2 0 00 0 00 2

137 W - 5 5. 6 1 5 2

66 '
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TABE VIII (cont'd) -

RAPID CITY, SOUTH~ !AKOT&

EAMS Jan Feb Mar Apr May Jun Jul Aug Sep Oct NiOT Dec ANN=A

1949 0 0 0 0 1 0 0 2 0 0 0 03
V194$ 0 0 0 0 2 0 1 4 1 0 0 0 Si

194.7 0 001 11 0 00 00 03
1946 0 00 10 1 20 10 00 5
1945 0 00 02 2130 00 00 5
1944 0 001 0 33 1 0 00 0 8
1943. 00 00 01 1 00 0 00 2. ~Ar 2

1942 0 0 0 0 0 1 1 0 0 0 0 0 2
1941 0 0 0 2 2 0 0 0 0 0 0 0 4
1940 0 0 0 0 0 0 0 0 0 0 0

.
Sums 0 0 0 5 8 99 72 0 00 40 ~ -K~ .&;~

SPOKANE, WASHINGTON w * *
YEARS Jan Feb Mar Apr May Jun Jul Aug Sep Oct Now Dec ANNUAL

1949 0 0 1 1 0 1 1 0 0 1 0 0 .
1948 0 0 331 00 01 1 10 10
1947 0 0 1 1 0 0 001 0 10 _

1946 0 0 1 0 0 0 0 0 0 0 1 0 2 9

1945 0 0 423 3301 10 O0 10
1944 0 0 01 0 001 0000 2
1943 0 00 0 400 00 0 00 6
1942 00 00 2 00 0 0 0 00 2
19411 0 0 120 0 10 10 00 '5 .

1940 0 00 20 00 0 0 000 2X
Sums i 1l~ ff 1763 5

SPRINGFIELD, MISSOURI

nRQ Jan Feb Mar Aor May Jun Jul Auj Set) Oct Nov Dec ALNUAL

*1949 0 0 2 1 1 1'* 0 0 0 0 0 0 5 __

*1948 0 00 3 21 0') 300 00 6 0A
1947 1 0 2211 00 0 00 0 7
1946 0 00 11 0 030 0 0 0
1945 0 100 01 00 0 00 0 2
1944 00 1140 01 00 0 10 7
1943 0 03 11 00 0 0 0 10
1942 .0 10 01 10 00 00 03-

*1941 0 00 00 1 10 00 01 3 S0
1940 0 120 000
SUM!, i2 9 1 37 47 ~. . .

6?7AA



um zvn (msuttd)

TMOSH~ wIagn. VASJHtItR"

YEARS Jon Fob Mar Apr Kair Ju Jul Avg Seg Oct NIow Dec ANWAL

1949 1 9 1 2 0 0 0 0 0 0 A. 2 19
6 A 5 -5 0 0 0 0 1 1 5 7 34

M94 7 0 0 1-.0 00 00 0 11 10
1%46 0 01 10 00 00 22 1I
1945 2 2 3 0 0 0 0 0 0 011
1944 4 A1 43 0a00 00 000 12
1943 3 4 A 3 0 0 0 0 0 0 0 0 14
1942 0 0 8 2 0 0 0 0 0 0 5 6 23
1941 0 0 3 1 1 0 0 0 0 0 2 5 12

1*1940 1 1 10 00 0200 0 10
:23 32 i19 0 6 i- 1 9 29 11

YARS Jan Feb Mar Aor YA-v .7jn Jul Aug Sep O %tvo DeceIDA

1944 00 2 10 00 2 0 10 06
1947 1 00 11 0 000 00 03

1945 0 0 0 0311 0 000 05
191A 011 1 10 00 00 00. 4
1943 0- 0 0 0 1 1 10 0 0 0 0 3
1942 0 00 1 00 00 0 0 00 1 .\

191 0 00 1 0 0 000 100 2
1940 0 0 0.01 D 4) 0 0 0 1 0 0 2

VAWMMI. NWSICA

TLAR Jan Feb YAhr Apr May jn Jul Aux Sep Oct Nlov Dee AJURW.

1949 0 00 02 00 00 0 00 2
1946 0 00 0 010120 00 0 2
1947 0 00 22 00 00 0 00 A ..

1946 0 0 0 1 1 2 1 0 0 1 0 0
1945 0 0 1 1 3 0 2 0 0 0 0 0 7
1944 0 0 0 0 2 0 1 2 0 0 0 0 5
2943 0 0 0 0 0 1 1 1 0 0 0 03.,
1942 0 001 1 41 10 00 0 8
1941 0 00 00 1 10 0 000 2
1940 0 0 11 0 211 0 10 0

66



TAMES VIII- (cont'd)IX

w.::IA. KANSAS

YMA! Jani Feb Mar Apr Mayr Jun Jul Aug Sep Oct Ncv Dec A!YJAL
W.A

1949 1 0 0 2 2 0 1 0 1 0 0 0 7
19A 0.1 00 0 2 100 1 0 0 5

19%7 0 0 310 10 0 0 100 6
19" 0 01 01 0 00 0-0 00 2
1945 0 00 1 210 01 0 00 5
194& 0 01 61 10 00 0 00 9

1943 0 10 01 00 01 1 004
-A1942 0 00 12 10 00 0 00 4

1941 0 00 21 01 10 0 00 6
Sam 17 11 3 3 3 54

'A

-N -~%

--. ,

-.--.--
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'ANZ 1M lbtL D s wi Th ? erstom at 25-ited Sates Stio

(SUatons with 225 1Oa o Wl In O%)lean)

,LUM TEXAS L..A

TEARS Jan Feb War Apr Ma Jm Jt Au Sep Oct Nov D c AWJIAAL

1949 02 27095-53302 A
1944 03 22 7 687 2 20 1 12
1947 01 1 4137 65 36A0 4 50-
1946 1 33533234140 42
1945 0366810732010 46
1944. 1 3 2 4123 4 6 3 1 3 1 0 40
1943 0 0 2 0 9 5 6224100 31

19.10 6 6 5 610 1---

sum 4 a25 U V330 29 U 9 447

na , IaI

TEARS Jan Feb Mar Iv* May Jun Jul Aug Ssp Oct Uov gDe AiWAL

19,9 000065262010 22
19413 0 1 03 43520 0 100 16
1947 0 0 01 3 400 30 0 0
1946 0 1 130 45 3 2 000 19
943 0011i32113 0 0 18

1944 0 000 4 65 00 1 10 1?
1913 0 0 10 252 20 1 00 13
194~2 0 21 15320 2 1 10 16
194,1 0 0 154620000 1
19400 0 0 20
Sum 3 38 30 1"1 170

i-%:.M z W o o - ,r_ l.. "ZJo U .. UAo__I U MD' '"

TEARS Jan Feb Mar AM: Ray Jan Jl Aug Sep Oct Now Dec A.AL

1949 0 10 5 1410 1417 5 20 0 66
1944 0 0 04 6912 1730 6 10 0 58
1947 0 0 239 n 14 119 G£00 59
1946 0 02 44 715 135 2 00 52
1945 00 02 61612 14 40 00 54
1944 0 00 112012213 9 4 200 51
1943 0 00 34A173U123110 0 50
1942 00 02 6121731 2 3 00 53
1941 0 00 3 1014 1811 210 0

1940 0 04 0 j-n f2A 20 6
sum$ 0 1 431 10 13 00

U7

*L



z I

- 0=9A - KANSA

TrARS~~~~ Ja Feb Ma pNu u tgSe-c o e

4.MU

1949 1 0-~ 2 81 7 7 8 03
1944~~ 0 110 $

1949 1 0 3 7n1U12 75 0 0

1946 o0o32666 10 1054100
1945 0 02 5 1013 91115 60 1 9I
1944 102 9 97102810 9 ~ 2 ."

1940 00016 6712 4 5410

10 i 13 111 K 0 1I
1941 2 019 9710 92

DALLAS, TEXAS :. : *

1949 13 1 51D'7 07 4 40 0
1948 0 &~ 3 3 9 7 6 2 1 2 0 1 3 ~
1947 0120650 3 5 34 4

1946 2 A. 2 is U 4 3 1 4 3 4 1 *..
1945 1 5 12 5 5 5 4 2 3 3 1 0 4
1944 0 7 4810 15 41 1 11 43
1943 0 1 5?2 9 7 5 0 5 2 1 131 - cc
1.942 1 2 0 13 6 7 1 6 2 4 1 1
1941 0 1 s qsot51 7 11 2 3 2 3
1940 0 1 7 7 6 Q _
Sums '0 W W 2 3425 31 4 4

M-70, CO-C'PADO ..

YAS Jan Feb Par Pprray Ji ulA p Oct Nov Dec ImA

19~49 0 0 105 q1,4 10 40 00 4
1944 0 0 1 0 7 15 11 9 2 1 0 0 46

1947 0 1 1 0 13 4 2 0 0 1 A.

1946 0 0 1 1 7 5 13 5 5 0 0 0 4,,
1946 00227713155 0 00 441 .

1944 0 0 1 0 6 10 13 14 4 0 0 0 31

291 0 __ 6111 2 _

K. 71



TABM IX: (cont'a)

IM . D~c.MA

Jan Feb Mar pr May Jum Jul Aur Sep Oct joy Dec Avo1

1949 10225 1D 7 7 3A2 1
19486 00 25 1 610 952 1 2 43
1947 101 7 6 17 545 1 0 51
1946 1 06 . 5312 79 8 310 56
1945 0 0 9101334 0 .1 64
1944 1 23 10 9 7120 64

193 0 0 16 4151313A5 2 00 60
1942 03 9 131 0
191. 0 01 4 88 U 76 2 0 57
1940 0 0 2 1 . 7 12 10 1~ O~
sums 5 ff W24711 575311 534

194 0 2 ,1 13U4 2 0.0 5
1947 002 312 106 7 42 0 0
1946 10 3 5588 3 5 2 20 52
1945 * 02 9 U14 6 81 00 59
1944 10o 1 12n11012 14 5 01 0 6?
1943 0 10 4 11 1013 84A5 0- 0 56
1941 000 76121710 o 5
1942 00 076 9111392 7100 57
1940 0 0 1 A a810 10.A 2 0 0
Sums 3 51355 9l~Y 0 Y0 I ss7

3JE(.CALIFORUA~

.-. k p.

~ .. TAF6 Jan Feb Par Apr jm Mu u Auat Sep Oct MwV De ANAL ~ K

1949 0 00 00a0 001 0 20 3
1944 0 0 0 )0 30 0 000 o 3
1947 0 00 00 0 0101200o 2
1946 20000 110 102.0 7
1945 20.10 0000. .,-.0-31. 8
1944 0 01 1 0 11201 20 1
1943 0 1 0 0 00 10 0 000 2 L.
1942 1 2 0 0 0 0 0 0 0 0 1 o 4 .2}
1941 2 0 002 01200 002 7
1940 2 01 0 0 000 0 10 1

* SmUI 3~~~~ 169



-~~~~~~~~ - ---- ~:: { ~

TABLE 11: (cat'd)

HEMMMAN

TEARS Jan Feb M4ar Apr May Jun Jul !RS Sep Oct BIoy Doe ANNUJAL

1919. 0 O0O1,6 9 10133 1 00 43
1948 oO i.6 12 12 10 00 46
191.7 1 0 1 0 2 12 16 17 2 2 0 0 53
1946 0 10 1 51317 5 4 000 46
19445 0 00 0 6 1073 0 0 0 33
191.1 0 0 0 2 10 1012 10 1 0) 1 0 46
1943 1 0 0 07 89 70 100 33 1
1.942 0 0 01 510 15 931 0 0 44 1
1941 0 0. 03 9 913 10 1 000 1.5 -~,

1940 0 a) 1 I 6 18 2 o110 0
Sums i15 6793032922STiO 1. T5 39

?KANSAIS CITY. HMMR ~ ~

YUSJ Jan Feb Mar Apr MM~ Jim Jul !M~ See Oct Nov Dec ANNUAL

1949 1 0 2 2 7 15 5 9 4 3 2 2 51
1944 0 1861511 5 63 21 1
1947 1 0 3 9 6 15 3 5 3 & 2 0 51
1946 1 0 23655 65 410 38
1945 006 310 14 11 12 3 21. 56
1944 1 1610 12 6 8 12 3 22 0 63

K.191.3 0 1 3 7 10-1 l 9 6 *1 0 o 58
1942 0 3 5 4 414 7 41 4 1 59
1941 Y110 6 76 9 6550 1 1.75
19407 817 8 1 11

LIRCOUI.NR, S VE3MU

TEAS Jan Feb Mar Apr May Jun Jul Aux §!p Oct Nov Dec ANNUAL

1949 1 0 1 2 12 14 9 6 7 7 0 0 59
19489 0 0 0 6 4 12 6 7 6 1 2 0 44
1947 100o9 911 7 25 7 00 51

1945 0 *~3 4U 12 10 8 A 01 1 58
191A 0 0 3 5 9 18 6 12 6 2 0 0 61
1943 0 0 165 A 1410A2 0 0 50 1 0 .0
1.942 01 3 n11 61 2 10 o o

19.1 0 00 79 7 859 42 1 52
1900 0 ,-1U 2- 0 0 -2

Sums '1 21479 10493 72 573 j 501

73
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'TAM U-. (cwutsd)

?WII PYA&D. WASRDEOM

tEARS Jan Feb Mar Ap Kay Jun Jiuluw Sep Oct %v be ANNUAL

19,7 00 000000 00 2

191.6 00010 00 011 010 3 J6~- *~
195 00 00 00 10 0 00 a

1944 000 100 01 0 10 3

1943 0 0 0 t 0 0 0 0 0 3 0 03
1942 0 00 00 10 10 0 02 4
1941 0 10 01 1 11 11 12 10
1940 0 0 00 00 11421 10
Sum 1 1 1 111 2 ] 8 7 1.8 :Q:

Normfl PLAM! ME1AUI '

TEXARS Jan Feb Mar Apr M~ay Jun Jul AMR 0 Oct N.v bke ANWUAL

1949 00241010 1335 400 53
1948 0 0 03 31612212 5 100 52
1947 0 01 6 715 13 753300 57
1946 0 02 26 83386 6 00 51
1914 o 15 1 13 12 9 0 o o 1 67
1941, 0 102.13.10.18.16 5 0 00 65,
1943. 0 00 3 61215 12 7000 55
194.2 0 01 6 8159 73 0 00 49
1911 0 10 14 24200 48
M-400 0 1 2 _2 R _I 2 0 0
sums 0 2 8 38 17 17132 9 54 i 1 .541

TEARS Jan Feb Mar Apr May Jun Jul Au Sep Oct Now Do ANWuAL

1949 0- 42 3 15 10 6 6 3 202 532
1948 13 41 6 710 5 22 10 42
1947 0 0 1 49 971 33 1 2 1
1946 1 3 3 28 4 4 2 .2 2 0 38
1945 0 44 A61U.33 7 00 0 165 U
1944 1 3 2 7 87f4 2 430 49
1943 0 2 0610 6 2 45 200 39

00

1942 122 295

19/40 00 0 11j 1;Sun o o 0 17 83 °3 93 _ 1 __ 453-' ,."--+.

74'. . "" . , , .. .
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TA3.Z IL (at-)-

CKHAA NKHRASKA ....

TRYS Jan Feb Mar Apr May^Jun Jul Au SpOct Nov DNc ANNUAL

1949 2 01 2 13 9 12 0 78600 62
1948 0 0 1 8 3 9 9 8 6 1 2 0 47
1947 1 09 5 10 14 67 66 00 55
1946 0 14 2 7104A7 51 0 48~ *

1945 903n13911771 1 57
194 1 12 312 159 95 1 i0 59
1943 0O0 166 418 124 0 00 61.
1942 0 0 4310 1012 47 1 00 5177

-~194.1 00 1 31011 95 6 42 1 54
1940 0 0 2 _A42 __ 1 2 _I 4 0 0

sums 4 19-40R7 10799 79 59 32 7 2 537

- POCArUID. IDAHO

TEARS Jan, Feb M~ar Apr May Jun Jul AURg SOP Oct W"v Dec ANNUAL

-, 19149 0 00 1 93 7 4 1 00 29 .~*.-.-

1948 00 0235 9 3 73 1 00 30
1947 0 0 20 45 814 0 0 0 34

194 0123 5 19 91 0 1 0 32
1945 0 0 0 0083 613531 00 36
1941 00 1 25 46110 1 00 26
1943 0 00 31 79 9 !1 00 33
1942 0 00 0 237 3 23 00 20
1941 0 00 2 55 6 123 20 1 38

sus S 49 44 72 T5 39 U T 310 J
TEARS Jan Feb Mar Apr Way Jun Jul Aug Sep Oct Noy Dec ANNJUAL

1949 00 10 1 00 00 10 0 3
1948 1 0 0 0 3 1 0 0 0 0 0 0 5
1947 9003 0 03 1 2 1 0 00 10_________
1946 0 00 0 0 30 20 000 5
1945 0 00 0 101 00 0 00 2
1914 0 0 0 0 2 1 1 0 0 0 0 0 4 .,* -- -- *

1943 0 00 0 250 00 1 00 8 --.

1942 1 2 0 0 1 0 02 1 1 1 0 9
1941 0 1 0 2 5 1 1 1 2 0 1 0 1I,

1940 0 01 1 111 0600 11 0___
sums 2 ~1 0 3 2 071

75 - -.
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' " ,' , '- " . ~ ''A

Z, -

- TA3L~E n!: X~t

RAPID CITY. S(YJT1 DAKOTA

YEARS Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1949 0 0 0 1 9 10 13 10 4 0 0 0 47 -

1944 0 0 0 5 2 17 12 11 2 0 0 0 .9
194 0 o 0 0 9 0 0 134 1 7 3 0 0 5D
1946 0 0 0 2 5 10 15 11 7 1 00 51
1945 0 0 1 1 1 11 15 12 3 0 0 0 54
1944 0 00 0 12 1317 & 3 1 1 0 55
1943 0 0 0 0 5 1 15 12 1 00 IA
1942 o o 12 - ,-.-"-5-2-1-13 2,.05

1941 0 0 0 5 6 7 148 2 0 00 2
1940 0 0 0 2 _ 1 .  6 2 1 0 0 6.
Sums - 19 114 138 01 33 1 1 3 .2

SPOKANE, WASHINGTON

.ARS Jan Feb Mar Aor May Jun Jul AugSep Oct %ov Dee A-,

-1949 0 0 1 0 1 1 1 2 1 2 1 0 9
1944 0 0 0 2 2 9 2 1 0 0 0 0 16..
1947 0 00 12 1 A 53 0 10 17_____
1946 001032013100 1
1945 0 0 0 053 1 4 1 0 00 1& *.

1944 0 0 56141000 17
1943 0 0 1 0 2 5 1 3 0 20 0 14%
1942 0 00 0 235 10 1 00 12
1941 0 0 1 0 5 43182000 23
194_0 0 0 0 011 ,.1..00 0.0..
Sums 30 37 a 2?14 520 147

SPR{INGFIELD, )USSWNI

YEARS Jan Feb Mar Apr May Jun Jul Aug Sep Oct 'No ,e, A,.UAL

1949 1 25 4 15 15. 5.3.2 " at
1948 00 6 69 1615 7 55 32 74-0

71947 1 0 3 11 10 15 4 9 4 7 1 0 6
*1946 1 2 5 4 12 7 9 9 4 421 60%

1945 0 310 1112 157 4 13 1 30 79 *.

V1944 133 10 88-6916 2A,5 0 69 ,'.N

1943 0 1 5 6 1U 15 3 3 5 5 2 0 59 N

1942 1' 3 2 7 12 7 2 8 3 2 5 1 53
41941 10 0 8 4A13 8357 02 56

1940 0066 A 6 00
Su m s 6 U1 . T 14 7 0 _41 1 1 8 3 9 0 4 7 4 1 2 3 1 0 8: ' V "- .

76 -~
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AIL _A -- A

TABLE 11- (contsd) - --

TATOOSH ISLAND, WASHINGTON

YEARS Jan Feb Mar Apr May Jup Jul AujX Sep Oct Nov Dec.. ANNUAL * -

1949 0 00 00 00 01 0 30 4
1948 200 3 000 6 %.2~>:-
191.7 0 0 00 0. 0 0 00 1 00 1

1160 0 0 0 0 0 1 0 0 0 0 1 2
1945 0 0 0 01"D 0 0 0 0 0 0 1 1 .

1944 0 0 0 00 0 0 00 2 1 0
1943 0 0 000 00 00 1 00 17

-, 1942 0 00 00 00 00 0 01 1
1941 0 0 1 0 1 0 2 0 0 0 23 9-.
1940 00 0 00 0 1 22 1 10
sum 2 0 1 04042 A479

TOPEKA, KANSAS

TEARS Jan. Feb Mar Apr M~ay Jun Jul Aug Sep Oct Nov' Dec ANNUAL

1949 2 3 2312 18 76 94- 12 -69
1948. 0 2 5 871013 57?5 11 64

* 1947 1 0 2 861422 43____
1946 1 0 5 2 6 6 5 8 6 3 1 0 Q~
1945 00 5 711 128 2 83 10 57
1944 1 04I 9 9 9 12, 12 3 22 0 63
1943 0 1 0 5 7 11 1 10 10 1 0 0 5I4.'.
1942 0 1 2 9 7 U 9 10 7 0 1 1 58 -

v 1941 1 00 68A69 7 46 11 49
1940 0 0 -- 4 -1_Z 0 3a_ __ _sum 9 7286Z2 78 100 80 7459 3710O

VALETIn~. KANSAS

YEARS Jan Feb Mar Apr May Jun-Jul Aug~ Sep Oct Nov Dec ANNUL

191.9 0 01 18a9 9 00 5
1948 0 0 01 2 110 7 61 a0 40
1917 0 00 46 12 8 5 43 00 J42
1946 0 00 42510o 911 30 o o
196.5 00 1 16 810 9 20 00 37
1944 00 00 13 8 15 91 0 00 46)A-
1943 000 3 6 13 1610 2 1 00 51
1942 0 0 24 615 16 8 3 200 58

* 1941 0 0 36 8610 10 6 300 49_____

2_ 00 12 102 1 0 0 ~~

77 . *

2~ AD G__



TAKE: M (Oe49'O

widtITA. KAm~s

-EARS Jan Feb Mar AElay tJun 34 bg Sep Oct Not Aec tUAML

1%9 12 3 713 9 7 n9 401 67
1918 0 23 5 6 nn# 6 51 o 56
1947 o0 o 6 16 1 653 3 1 62
19A 1,05 58676A32 48
1945 0O1 4 69339 8 1 001 62 _

19" 115129810124230 67
1%43 01 1 513 9 76 7 400 53
194.2 0 2 5 4518 67 7 201 61
19a. 101 7 7 851U447 01 55
1940 0 O6 I _2 A a1 0 60
Sums A9 37 7092104 77 83648

o . o _ _ _ _,

V 78
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,," P-a 5 mL & 3en-ue, Ill. 1/7/h6 150M: 2,ooo 10/10 altrostratus bases at 12,(O_ ,1 lowr
"-'5/i0 c md~us, bases at 5,000. 1.gh rafth -rs-

1L

"-7 Sttgart, Ark. 5/A2)7 20L3C 25,000 Thunersta

TA-26B Fonda Iowa ~ Z 6/-,6A6 20 L~ 5T. , o cuau I(Zt*F JFLiT and ~ thundrtm in a-ea. pit

activiy tn front of stm-g

A-26C 35 L NE Fine auff, a/tat 1600C L,000 Scattered thnderstorm with in' ceitm,

P 51 Ark. heav rain stron , stratoclus and le-

!/1 ciwlus bas 3a0to hj0W' v gtop

.- 7D Clovs New eXir r 5/12/ 2019. 6,(D Thunderst obscured by s2,0 and clouds ,

" 29A LO ri. 3of -Dallas. 10/304/7 M00 12,000 2/10 altstatne louds 17 000'1 lovr
1,0e05. Scattered t sira a aho.-,
cold front. frntii.cz..o.,u,

-Source -e Lnspector General, Headquarters, D.... ., C C.w in ,ii ,.

-. s

) :.

> C1D Coi,%e :xc 4/B21~ ,0 hdr~o.osue ysu~adcod

:".. ,t night,



Cloud Cloud

,AL I 'n .l01Y- DCAF lFIH, ne21Bthuf15)

FlTight Base TOP :"

...craft 'Altitude Turbulence PSI "AM Weather Conditions Beslting Dage to Arraft
, IL (ft.) Encountered (f (ft.) .f) in Area of Rail ______

:'::' 5000 seee 3 OC 10, 000 Broken CUMn Astro m detd .edpas
clouds 30008 'to ing light and pilot's idnd-
10, RO' an. shield broken. Leradin kdP IA _oif ena ing dented.

47 D 8000 Unown 900 0 hk. Rai shoers be- R/L Ind*Aeid hrolun. l*--
neath clouds with irg edge of each ing and
hail edges of verticaI and buizoa-

tal stab ilizers extewvW

• 3F--OA 0,000 Violent Un.. Above loweri.g n mu 1. L-aged air dwt. IAad.-
30,000 Hail storm in front, edge of each uarg & edges of

Tertical & horismtal stab-*
ilizers: extensivOy dented.

overcast, lightning Nose cowl & wv.g tips dented
in thunderst-u.HaiI. & l gt ke.t edge

,f each viW & edges ofve
tical & horizantal stabll-
izers extensively dented.

25,000 !oderate tik. UhL Thunderst.=-w and Air &=t dented. IA .dIf.
bail edge of each uii zad edges

of Tertital and naiztial

stabilizers extesly*37l

7 -51 17,000 th ,own 5500 25,000 5500' ove ast. O l, ± ±tio n iarn ss & w in..

Hall beneath base &hieid daaged Leading e4
of clouds, of each wing & edges of ver-

tical & horizeatal atabilis- I-
ere extensively dented. .

..1oof aircraft sustained rajor damage. Source - The Inspector Genra.L,
-'-See notes at end of table Headquarters, U.SA.F., "Athir D. C.
SC

U 7!
L-4,

t<; "



TA3L XI: HAah ZAIE2G DAAOGF TO U.S.A.F. AIRCRW-?7 D: F IGHT, June 1948 thm ".2y 195C (cont.)

Cloud Cloud

Flight Pass TOP'Aircraft Altitude Turbulence 11:.L fIL ,: z

____ _!_SL (ft.) Encountered (ft.) (ft.) W eather Conditions Reslting taoage to Aa-r,.'

AT-I 7000 f-e-er.- *'k. Lbk. lowering cuulus Flexgias nose and pass IM
clouds, rain and hW2 light broken. Leading edg
broken clouds. Air- of each ing and edges of
craft passed between vertical and horizontal.
two sections of ver- stabilizers extenasive'
tical development- dented.

-%% 3-29A 16,000 Severe . 25s,000 Stratiforr, clo'ads, n. ng coing, distribo-
no evidence of thum- utor housing and tubing.
derhead. LeLd g edge of each wing

.and edges of vertical and
borizantal stabilizers oz-
tensively dented.

F-82E 25,000 Severe I'n. Ihk. Ligthtning, clouds Air s-coos and yro. spin.
1o.'ering cumalus rers dmaged, Windshield
and ctwulus nimbus. broken. Leading.edge of

each wing and edges of ' -
tical and horizontal stab-
ilizers extensively dents&.

' 3-2 9 A 10,000 Severe Unk. ilk. Thunderhead, rain, DentU in t;wret corw.
and hail. Aircraft De.its in nose section and
flew into the roll all engine cowlings.
edge of the thunder- Dents In ignitie- arifold.

stor.Broken cooling fins si ecn-
gine. Leiaing edge of
each wing and horizontal
staoilizers eteusveb3y

13-29 Thudesti- Age to 28 cylinder. ..
-29 9000 ':one Zhk tk, 'M derstorm ''aet 8

Dents in propeller cuffs.
-'Age to All ignition

r- harnesses. Leading ege
of each wing and edges of
vertical and horizontal
stabilizers eztensiwey dented.

*:: .- .--- ,.

I .

° S



T4.- M HAIL CA-Z - - . .--.--., June 19. % Pa 1950 cant.)-

Clo-ud clwed
night Base :op

A"rcraft Altitude Turbulence F _ -_I t . Weather onditions
".7-e )PL (ft.) .countered (ft.) t.) in LArea of Hail Res-at!- :age to Aircraft

3-251 6000 7erere Trk. =:k. Cold frcnt thunder- Nose sectior, cracked. T A1
stor, Heavy rain. sufaces daged. Wind-
Hai1 size of golf shield shattered. Leading
halls. edge of each wing and edges

V .of vertical and horizontal
.saciizers ext ensiveb'

3-26 5000 N.one 6O0 -3,COO Scattered clouds, leadfig edge of each win
light rai n showers, and ed.-es of vertical and

M - h i enco,-itered horizcn.tal stabilizers
-ecow raIn. extensively dented.

i3-17- 5000 severe L... , .k. Heay rain, ti- l de-icer boots torn, o ,.' -

derstorn. Hail en- cooler fail Ig, and 1, 2, 3
co ntered entering and L carburetor intake - .

cold front. da-.aged, astrodone troken.
Wi-dfrheld broken. leadimg
edge of each vng end edges

of vertical ard horisctal
stabilizers extensiv*iI
dented.

3-25 2 .000 I k. "¥k. -k. Z.ht rain changing Astroda-e cracked. Lead-

to ikail. Ing edge of each wing and
edges of vertical and ho-l-

sontal stabilizers extens-

ively dented.

a 6500 Light .nk. 2:k. M-xiderstcnm. Beavy L prcp spinners damaged.
hail atm. In hail De-icer boote on prope de-
3 znLm. clLb1zg at stroyed, Holes In radar
1C '_n. dcme. Leaing edge of each

.oing and egeg of vertical v'..
'and horizontal stabilizers

extensvely dented.

4 4



.4... .......

TABLE Xi RAIL CAUSEX DA :A-7E TO U.S.A.F. AIhCRA' : FLIGH., June 9E8 thru :ay 1950 (cant.)

Cloud Cloud
Flight Base Top

Aircraft Altitude Turbulence !SL Mm5 Weather Conditions
* ., :L% (ft.) ncountered (ft.) (ft.) in Area of Hail Resultig Dsnage to Afrcraf

T3-251 9000 Light 5000 Unk. Thunderstors. Hail Rt. & L. windshields cracked
4 encountered 2 mi. and broken. Leading edge of

in front and h mi, each wing and edges of veiti-
from center of cal and horizontal stabilis-
thunderstorm, ers extensively dented. Land-

ing lights broken.
TJ-25J 12,000 ,:oderate :nk. Unk. Thunderstorms all

to severe quadrants. Sleet, PlexIgla3 nose broken and
snow, and hail. cracked. L. landing light .

broken. leading edge of each
wing and edges of v-rtical and
horizontal stabilizers extens-
Ively dent".

" TB-25J 7000 Light Unk. link. Thunderstorms. Air ducts damaged. Leadil
Hail encountered edge of each wing and edges
below storM of vertical and horizontal

stabilizers extensively dent-
ed.

TB-25J 5m Moderate 2000 10,000 Thtderstori. Nose &lass cracked and d-
HAil encountered shield cracked. Leading -'..

near edge of storm, edge of each wing and edges .,%

of vertical and horixoWtl
stabilizers extensively dented.

T3-25j - 12,000 I:derate Ubk. alk. .Iroken clouds. R/L outer wing paneis badly
Thunderstorr.. dented. RA ignition harfiess

• ' Hail encountered in cracked. RA landir4 lights
area between 2 thun- da-.aged. Leading edge of each
deratorms 1000' be- kdng and edges of vertical and
low. horizontal stabilizers extens-

ively dented.

. ,',..P;

-. -. - .,



TANS Us .- Th CA ~G DA.'AGE c -,,S.A.F. AIM.P.AYT I" rW'r.,- une 1948 thru May 1950 (c:a.)
Mnor Accidents

(rloU Cloud
-Light 3ase Top

.' Aircraft Altitude Turbulence P2L ISL Weather Conditions"' Tpe M (ft.) Encountered (ft.) (ft.) in Area of Fail Result:-9 Dx--ge! to Aircraft '

C-4TA 6500 Severe k. n. Stratus clouds ob- Rt. elevator fabric ripped and

scuring thunder- punctured.
heads.

T-25J 11,000 Severe 6000 314,000 B-oken clouds curu- Flexiglas nose broken and i
lus. Thunderstorms cracked. L/R landing light
In area. glass cracked. Cowl Pasembly

slightly cented. Ignitor
harness dented. Slight dents
in leading edge of air foils.

C-47D LSW Dons 5500 thk. Thunderstorns in As*rodor.e broken, holes torn
area. Hail storms in elevator fabric. Broke
encountered in right l;nding light. A few
light, rain. dents in leading edge of air

foil.

SC-47D 8500 4one 9500 L'Unk. Rain showers. Hail Windshields shattered and
encountered on astrodcm.e broken. Nose see-
fringe of rain. tion dented. Hole in fabric

.> of elevator. Slight dents in
leadir edges of air foils.

B-25J 8000 N~one 11kik. Uic. Rain showers in ?lexiglas nose cracked. RAL
area. Hail occurred wirg lxading light #;]ass
in light rain shower, broken. Glass in upper id-.

shield broken out. Leading
edges of air foils dented.

1. Duration of flights in hailstorms were estirated at between 25 seconds and 3 minutes.
n. ome degree of turbulence was observed each tine that hail was encountered within a hai:storm.

No turbulance vas experienced when hail was en:ountered beneath cloud bases and in light rain.
3. In each Instance, dage was ira, icted on -eadin edges of both wings and leading edges of both

horizontal and vertical stabilizers, with or without additional danage to other areas.

Ao
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